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(54) OPTICAL LAMINATE 

(57) An optical laminate comprising, laminated in 
the order mentioned, a support substrate, adhesive lay- 
er, cholesteric liquid crystal layer and protection layer, 
characterized in that the cholesteric liquid crystal layer 
has in at least partthereof an area indicating a diffraction 



power. The optical laminate is used for a polarization 
diffraction element, liquid crystal display device com- 
pensation element, decorative member, and forgery 
prevention element. 
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Description 

Field of the Invention 

5 [0001] This invention relates to optical laminates connprising a novel cholesteric liquid crystal layer which can gen- 
erate a diffracted light having a polarizability. 

Background of the Invention 

10 [0002] Diffraction elements are general-purpose optical elements widely used for the purpose of spectrally splitting 
light or dividing luminous flux in the field of spectroscopic optics. The diffraction elements are classified into some types 
according the shape thereof. In general, they are classified into an amplitude type diffraction element in which light- 
transmitting parts and non-light-transmitting parts are periodically arranged; and a phase type diffraction element in 
which grooves are periodically formed on a high-transmittance material. Separately from this classification, they may 

15 be classified into a transmission type diffraction element and a reflection type diffraction element according to the 
direction in which the diffracted light is generated. 

[0003] With the conventional diffraction elements as described above, the diffracted light obtained when natural light 
(unpolarized light) is made incident thereon is restricted to unpolarized light. With a polarizing optical element frequently 
used in the fields of spectroscopic optics, only unpolarized light can be obtained as the diffracted light. For this reason, 

20 there Is generally employed a method in which the natural light emitted from a light source is spectrally split by a 
diffraction element, andfurther, in orderto utilize only a specific polarization component contained therein, the diffracted 
light is allowed to pass through a polarizer to be used. With this method, there is a problem that the quantity of light is 
reduced by half because about 50 percent of the resulting diffracted light is absorbed by the polarizer. Therefore, it is 
also required to prepare a detector with a high sensitivity and a light source capable of producing a large quantity of 

25 light. Under such circumstances, there has arisen a demand for the development of such a diffraction element that the 
diffracted light itself is specific polarized light such as circulariy polarized light or linearly polarized light. 

[Disclosure of the Invention] 

30 [0004] The present invention has been achieved in view of the foregoing problems. The present inventors succeeded 
in imparting diffractivity to a region of a cholesteric liquid crystal layer. More specifically, it was found that an optical 
laminate suitably functioning as a polarizing diffraction element can be obtained using a cholesteric liquid crystal layer 
imparted with novel characteristics, that is, diffractivity in combination with selective reflection properties and circulariy 
polarization properties both of which are peculiar to a cholesteric liquid crystal. 

35 [0005] That is, the present invention relates to an optical laminate comprising at least a support substrate, an adhesh/e 
layer, a cholesteric liquid crystal layer, and a protection layer, the cholesteric liquid crystal layer having on at least a 
part thereof a region exhibiting diffractivity. 

[0006] The optical laminate of the present invention has such a structure that a support substrate, an adhesive layer, 
a cholesteric liquid crystal layer, and a protection layer are laminated in the order mentioned. The expression "a support 
40 substrate/ an adhesive layer/ a cholesteric liquid crystal layer/ a protection layer" means that they are laminated in this 
order. 

[0007] Below, each of the structural components of the optical laminate of the invention will be described. 

Supporting substrate 

45 

[0008] Supporting substrates useful in the present invention are any articles having two surface dimensions and one 
thickness dimension, such as sheet-, film-, and plate-like articles. The materials for such substrates may be synthetic 
resins such as polyimide, polyamide-imide, polyamide, polyether imide, polyether ether ketone, polyether ketone, 
polyketone sulfide, polyether sulfone, polysulfone, polyphenylene sulfide, polyphenylene oxide, polyvinyl chloride, pol- 
50 ystyrene, polypropylene, polymethyl methacrylate, polyethylene terephthaiate, polybutylene terephthalate. polyethyl- 
ene naphthalate, polycarbonate, polyvinyl alcohol, poiyacetal, polyarylate, cellulose-based plastics, epoxy resins and 
phenol resins, papers, synthetic papers, nonwoven fabrics, metal foils, metal sheets, and glass sheets. 
[0009] They do not necessarily have a smooth surface from macroscopic and microscopic view and may have rough- 
ness on their surfaces. 

55 

Adhesive layer 

[0010] The adhesive layer for bonding the above-described supporting substrate to the cholesteric liquid crystal layer 
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described below may be formed from conventionally known various reactive adhesives such as pressure-sensitive 
adheslves, hot melt type adhesives, and thermo-. photo- or electron beam-setting adhesh/es. Among these adhesives, 
preferred are photo- or electron beam-setting adhesives obtained by adding, if required, other monofunctional and/or 
polyfunctional monomers, various polymers, stabilizers, polymerization initiators, and sensitizers to photo- or electron 

5 beam-polymerizable prepolymers and/or monomers. 

[001 1 ] Specific examples of the photo- or electron beam-polymerizable prepolymers are polyester acrylate, polyester 
methacrylate, potyurethane acrylate, polyurethane methacrylate, epoxyacrylate, epoxy methacrylate, polyol acrylate, 
and polyol methacrylate. Further examples of the photo- or electron beam-polymerizable monomers are monofunctional 
acrylate, monofunctional methacrylate, bifu notional acrylate, bifunctional methacrylate, and polyfunctional acrylate hav- 

10 ing 3 or more functional groups, and polyfunctional methacrylate having 3 or more functional groups. 

[0012] Commercially available products of these prepolymers and monomers can be used. Examples of such prod- 
ucts are Aronix (acrylic speciality monomer, oligomer manufactured by Toagosei Co., Ltd.), Light Ester manufactured 
by Kyoeisha Chemical Co., Ltd. and Viscoat manufactured by Osaka Organic Chemical Industry Ltd, 
[0013] Examples of the polymerization initiators are benzophenone derivatives, acetophenone derivatives, benzoin 

'5 derivatives, thioxanthones, Michler's ketone, benzyl derivatives, triazine derivatives, acylphosphine oxides, and azo 
compounds. 

[0014] When the photo- or electron beam-setting reactive adhesive is used for forming the adhesive layer, the vis- 
cosity of the adhesive is appropriately selected according to the conditions where the adhesive layer is formed. How- 
ever, at a temperature of 25''C, the viscosity is in the range of generally 10 to 2000 mPa s, preferably 50 to 1 000 mPa 
20 s, and more preferably 1 00 to 500 mPa • s. When the viscosity is less than 10 mPa • s, it is difficult to obtain a desired 
thickness. When the viscosity exceeds 2000 mPa • s, the workability may be undesirably reduced. When the viscosity 
departs from the aforesaid range, it is preferred to adjust the ratio of the solvent to the monomer appropriately so as 
to obtain a desired viscosity. 

[0015] The photo-setting reactive adhesive can be cured by means of known curing means such as low-pressure 
25 mercury lamps, high-pressure mercury lamps, super high-pressure mercury lamps, metal halide lamps, and xenon 
lamps. The irradiation dose is appropriately adjusted according to the type of reactive adhesive. However, the irradiation 
dose is selected from the range of generally 50 to 2000 mJ/cm^, preferably 100 to 1000 mJ/cm^. The electron beam- 
setting reactive adhesive can be cured by means of any suitable electron beam irradiation device. However, there are 
generally used an electron beam-irradiation device of which acceleration voltage is within the range of 50 to 1000 kV, 
30 preferably 1 00 to 500 kV. 

[0016] When the adhesive layer of the optical laminate of the present invention is fomned from the hot-melt type 
adhesive, any types of those may be used. However, from the viewpoint of workability upon fomnation of the adhesive 
layer, it is preferred to use those of a working temperature of 80 to 200 ""C, preferably 1 00 to 1 60 °C. Specific examples 
of such hot-melt type adhesive are ones produced using for example, ethylene-vinyl acetate copolymer resins, poly- 
ps ester-based resins, polyurethane-based resins, polyamide-based resins, thenmoplastic rubbers, polyacrylic resins, pol- 
yvinyl alcohol-based resins, polyvinyl acetal-based resins such as polyvinyl butyral, petroleum-based resins, terpene- 
based resins, or rosin-based resins, as a base resin. 

[0017] The adhesive layer may be formed from a pressure sensitive adhesive. In such a case, it may be rubber- 
based, acrylic, silicone-based, and polyvinyl ether-based pressure sensitive adhesives. 
40 [0018] When any of these adhesives is used for forming the adhesive layer, the thickness thereof may be appropri- 
ately selected as long as the adhesive can bond tightly the supporting substrate to the cholesteric liquid layer described 
hereinbelow. However, the thickness is generally within the range of 0.5 to 50 p.m, and preferably 1 to 1 0 \im, 
[0019] The adhesive layer may befonned by any known method, such as roll coating, die coating, bar coating, curtain 
coating, extrusion coating, gravure roll coating, spray coating, and spin coating. 

45 

Cholesteric liquid crystal layer 

[0020] The cholesteric liquid crystal layer of the optical laminate of the present invention has generally a thickness 
within the range of 0.1 to 50 \vm. The deviation of such a maximum range falls to obtain an optical laminate as intended 

so by the present invention. 

[0021] The cholesteric liquid crystal layer comprises a cholesteric liquid crystal film having on a part thereof a region 
exhibiting diffractivity. The cholesteric liquid crystal layer is preferably formed from a cholesteric film having on a part 
thereof a region exhibiting diffractivity. When the cholesteric liquid crystal layer Is fonned from a plurality of cholesteric 
liquid crystal films, at least one of them must has on a part thereof a region exhibiting diffractivity. 

55 [0022] The term "region exhibiting diffractivity" used herein denotes a region exhibiting such an effect that the light 
passing through the region, or the light reflected from the region is diffracted into the portion geometrically corresponding 
to a shadow. The presence or absence of the region exhibiting diffractivity can be confirmed by observing whether 
there is present or not present the light enriitted at a certain angle (high-order light) from a sample film other than the 
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light lineariy transmitted therethrough or reflected therefrom (zero-order light) when, for example, laser light or the like 
is made incident upon the film. Alternatively, whether the region is fomied or not can be confinned by observing the 
surface and cross-section of the cholesteric liquid crystal film by means of an atomicf orce microscope, or a transmission 
electron microscope. 

5 [0023] The cholesteric liquid crystal film used for forming the cholesteric liquid crystal layer has a region exhibiting 
diffractivity partially or entirely in the second dimension direction, I.e., surface direction. When the film has a region 
exhibiting diffractivity partially in the second dimension direction, no particular limitation is Imposed on the number of 
the region and all the regions are not required to exhibit the mutually same diffractivity. When the film has a region 
exhibiting diffractivity entirely in the second dimension direction, the diffraction power may not be uniform. The region 

10 exhibiting diffractivity partially or entirely in the second dimension direction may be present on either or both of the 
surface layers viewing from the film thickness direction or may be present inside the film. 

[0024] The thickness of the region formed partially or entirely in the second dimension direction may not be unifomn, 
but is generally 50 percent or less, preferably 30 percent or less, and more preferably 1 0 percent or less of the thickness 
of the film. When the thickness exceeds 50 percent, the selective reflection characteristics and circularly polarization 

15 characteristics peculiar to a cholesteric liquid crystal phase may be degraded. 

[0025] The region exhibiting diffractivity assumes the cholesteric orientation In which the helical axes are not homo- 
geneously parallel with each other in the direction of the thickness, and preferably assumes the cholesteric orientation 
In which the helical axes are not homogeneously parallel with each other in the direction of the thickness, and the 
helical pitch lengths are not homogeneously equal in the direction of the thickness. Whereas, the other regions pref- 

20 erably assume the helical structure in which the helical axes are homogeneously parallel with each other in the direction 
of the thickness, and the helical pitch lengths are homogeneously equal in the direction of the thickness. 
[0026] The cholesteric liquid crystal film having a region exhibiting diffractivity may be prepared by a method in which 
using an aligning substrate capable of fonming the above-described orientation, a polymeric liquid crystal, a low mo- 
lecular weight liquid crystal, or a mixture thereof is cholesterically oriented on the aligning substrate and is fixed as the 

25 cholesteric phase is maintained. There is an easier method in which a normal cholesteric liquid crystal film of which 
cholesteric phase is fixed is prepared using a polymeric liquid crystal, a low molecular weight liquid crystal, or a mixture 
thereof, and a normal aligning substrate and then the diffraction pattem of a diffraction element Is transferred onto the 
film by applying heat and/or pressure to the film while being contacted with the element. 

[0027] The following is one example of preparing a cholesteric liquid crystal film having a region exhibiting diffractivity 
30 by the aforesaid transferring method. 

Preparation of a liquid crystal material and a cholesteric liquid crystal film 

[0028] The cholesteric liquid crystal film is usually produced from a liquid crystal material containing a low molecular 

35 weight liquid crystal and/or a polymeric liquid crystal. 

[0029] Low molecular weight liquid crystals eligible in the present invention are those having a biphenyl, phenylben- 
zoate, or stilbene derivative to which a functional group such as acryloyi, vinyl, and epoxy is introduced, as a base 
skeleton. The low molecular weight liquid crystal may exhibit either lyotropic properties or thermotropic properties. 
Preferred are those having thermotropic propert:ies with the objective of workability and processability. 

40 [0030] Eligible polymeric liquid crystals are those of main-chain type or side-chain type. Specific examples are main- 
chain type polymeric liquid crystals such as polyester, poiyamide, polycarbonate, and polyester imide, and side-chain 
type polymeric liquid crystals such as polyacrylate, polymethacrylate, polymalonate, and polysiloxane. Among these, 
preferred is liquid crystalline polyester because it has an excellent orientability and is relatively easy to synthesize. 
Suitable examples of the constituting unit of the polymer are an aromatic or aliphatic diol unit, an aromatic or aliphatic 

45 dicariDoxylic acid unit, and an aromatic or aliphatic hydroxycarboxylic acid unit. 

[0031] When a polymeric liquid crystal is used as a liquid crystal material, the polymeric liquid crystal preferably has 
the following physical characteristics: 

(1) Weight-average molecular weight Mw in tenns of polystyrene measured by GPC = 1000 to 100000, 
50 (2) Molecular weight distribution (Mw/Mn, Mn is number-average molecular weight) = 5 or less, 

(3) Inherent viscosity = 0.05 to 2.0 (in phenol/tetrachloroethane (60/40 weight ratio) solvent at 30 *»C. the concen- 
tration, is 0.5g/dl), and 

(4) Glass transition point temperature (Tg) = 200 °C or below 

(5) Transition temperature from liquid crystalline phase to isotropic phase (Tl) = 40 «C or higher. 

55 

[0032] A weight-average molecular weight of a polymeric liquid crystal less than 1000 is not preferred in terms of 
processability In the after-treatment processes and applicability, because the resulting cholesteric liquid crystal film 
becomes weak in mechanical strength. A weight-average molecular weight of a polymeric liquid crystal in excess of 
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100000 would deteriorate the flowability of the resulting liquid crystal and thus adversely affect the orientation. A nno- 
lecular weight distribution in excess of 5 would cause the deterioration of the dlsso!ub!!!t>' when preparing the cholssteric 
liquid crystal film, and solubility to a solution and thus pose a problem in applicability that it is hard to obtain the homo- 
geneous orientation in a cholesteric phase. An inherent viscosity of less than 0.05 would cause the decrease of the 

5 mechanical strength of the resulting film and thus is not preferred in terms of processability in the various after-treatment 
processes and applicability. An inherent viscosity in excess of 2 would cause the deterioration of flowability of the liquid 
crystal, leading to a difficulty in obtaining the homogeneous orientation in a cholesteric phase. A glass transition point 
temperature (Tg) of higher than 200 ^'C would cause the deterioration of flowability in the crystalline state, leading to 
a difficulty in obtaining the homogeneous orientation in the cholesteric phase. Furthermore, there is a possibility that 

10 It is difficult to select a supporting substrate to be used if required for alignment. A transition temperature from liquid 
crystalline phase to isotropic phase (Ti) of less than 40 ""C would cause the deterioration of the orientation stability of 
the resulting cholesteric liquid crystal film. 

[0033] For the purpose of enhancing the heat-resistance of the resulting film, cross-linkers such as bisazide com- 
pounds and glycidyl methacrylate may be added to the liquid crystal material containing a low molecular weight liquid 

IS crystal and/or a polymeric liquid crystal, in such a range as not to bother the development of the cholesteric phase. 
The addition of such cross-linkers is effective in crosslinking the liquid crystalline molecules in a state In which the 
cholesteric phase is developed. Furthemnore, various additives such as dichroic dye, dyes, and pigments may be added 
to the liquid crystal material in such an range that the effects achieved by the present Invention are not hindered. 
[0034] Any known methods may be employed for making the cholesteric liquid crystal film from the above-described 

20 liquid crystal material containing the low molecular liquid crystal material and/or the polymeric liquid crystal material. 
For example, when using the polymeric liquid crystal material, there may be used a method in which the liquid crystal 
material is applied in the form of film on a suitable alignment film and then subjected to a heat-treatment so as to 
develop a cholesteric liquid crystal phase, followed by quenching the phase thereby fixing the cholesteric phase. When 
using the low molecular liquid crystal material, there may be used a method in which the liquid crystal material is applied 

25 in the form of a film on a suitable alignment film and then subjected to a heat-treatment so as to develop a cholesteric 
liquid crystal phase, followed by irradiating light or electron beam or applying heat thereto as it is so as to be crosslinked 
thereby fixing the cholesteric phase. 

[0035] A region exhibiting diffractivity can be provided on the cholesteric liquid crystal film at the stage where the 
cholesteric liquid crystal phase is developed, by means of a diffraction grating film having a diffraction pattern as the 
30 alignment substrate. 

[0036] When the cholesteric liquid crystal film is prepared from the liquid crystal material containing the low molecule 
liquid crystal and/or the polymeric liquid crystal, the thickness of the film is in the range of generally 0.1 to 30 |xm, 
preferably 0.3 to 20 M,m, and particulariy preferably 0.5 to 10 ^m. The heat treatment for developing the cholesteric 
liquid crystal phase on the film is conducted under the conditions where the temperature is generally from 30 to 250 
35 «>c, preferably 40 to 200 **C, and particulariy preferably 50 to 1 70 **C and the time is usually from 5 seconds to 2 hours, 
preferably 10 seconds to 1 hour, and particularly preferably 20 seconds to 30 minutes. 

[0037] In the case where the liquid crystal material contains the low molecular liquid crystal or the polymeric liquid 
crystal, the diffuslvlty of the cholesteric liquid crystal film can be adjusted by appropriately selecting the film thickness 
and the heat treatment conditions within the above-described ranges. 

40 [0038] The term "diffusivlty" used herein is defined by the percentage of specular competent exclude (SCE) to spec- 
ular competent include (SCI), that is, (SCE/SCI) x 100. The SCI of a cholesteric liquid crystal film denotes the total 
reflectance derived when a diffusive light is uniformly illuminated to the film. The SCE denotes the reflectance obtained 
by excluding the reflectance of the so-called specular retiection light components from the total reflectance, that is, the 
reflectance of the light components diffusing at the film surface(generally referred to as "diffusive reflectance"). There 

45 Is the relationship of "total reflectance = specular reflectance + diffusive reflectance". 

[0039] The specular competent exclude and specular competent include of a film can be measured in accordance 
with "Methods of color measurement-Reflecting and transmitting objects" prescribed in JIS-Z-8722 by means of a 
measuring apparatus, for example a spectral colorimeter having an illumination/receptor optic system wherein d/8 
(diffused illumination 8 ) is received, such as CM-3500d manufactured by Minolta Co., Ltd. 

50 [0040] When the diffusivity is 15 percent or less, the cholesteric liquid crystal fjlm exhibits a specular surface..When 
the diffusivity Is 15 percent or more, the cholesteric liquid crystal film exhibits a non-specular surface. 

Imparting diffractivity 

55 [0041] Diffractivity can be imparted to a part or the whole of the cholesteric liquid crystal film by transferring the 
diffraction pattern of a diffraction grating to the cholesteric liquid crystal film. Eligible diffraction gratings may be all 
types of elements as long as they have a function to generate a diffracted light, such as a mechanically ruled diffraction 
grating, a film thickness modulation hologram type diffraction grating, and a refractive Index modulation hologram type 
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diffraction grating having an undulated surface diffracting light. No particular limitation is imposed on the materials of 
the diffraction grating. Therefore, it may be made of a metal or a synthetic resin. A replica grating is also eligible. 
[0042] The diffraction grating is preferably in the form of a film or laminate attached to a suitable substrate. 
[0043] A diffraction pattern is usually transferred by a method in which the diffraction-patterned surface of a diffraction 

5 grating and a cholesteric liquid crystal film are brought into contact and then heated and pressurized by means of a 
heat roller, a laminator, a hot stamp, an electrothermal plate, or a thennal head. The conditions of heating and pres- 
surizing can not be determined with certainty because they depend on the physical characteristics of the cholesteric 
liquid crystal film and the type of diffraction grating. However, the pressure is In the range of usually 0.01 to 100 MPa. 
and preferably 0.05 to 80 MPa, while the temperature is in the range of 30 to 400^C. and preferably 40 to 300°C. 

10 [0044] After transferring a diffraction pattern, the diffraction grating is peeled off and removed from the cholesteric 
liquid crystal film thereby obtaining the cholesteric liquid crystal film having on a part or the whole thereof a region 
exhibiting diffractivity. 

Protection layer 

75 

[0045] The protection layer may be fomned from a film obtained by curing a composition comprising a thermo-, photo-, 
or electron beam-setting reactive adhesive and an ultraviolet absori3er and/or a hard coat agent. Alternatively, the 
protection layer may be fonned from a film obtained by curing a composition comprising a resin having film forming 
properties, and an ultraviolet absorber and/or a hard coat agent. Eligible reactive agents are the above-mentioned 

20 thermo-. photo-, or electron beam-setting reactive adhesives. Eligible resins having film fomning properties are poly- 
ethylene, polypropylene, poly(4-methyl-pentene-1), polystyrene, ionomer, polyvinyl chloride, polymethylmethacrylate, 
polyethylene terephthalate, polyamide, polysulfone. and cellulose-based resin. Furthemaore, other eligible resins hav- 
ing film fonning properties are nitrocellulose, ethylcellulose, polyamide resin, polyvinyl chloride, chlorinated polyolefin, 
acrylic resin, polyurethane, and polyester all of which are used as a vehicle resin for gravure ink and if necessary are 

25 blended with ester gum, dammar gum, maleic acid resin, alkyd resin, phenol resin, ketone resin, xylene resin, terpene 
resin, or petroleum resin. 

[0046] Examples of the ultraviolet absoriDer are organic ultraviolet absorbers such as benzophenone-based com- 
pounds, salicylate-based compounds, benzotriazole-based compounds, anilide oxalate-based compounds, and cy- 
anoacrylate-based compounds, and inorganic ultraviolet absoriaers such as cesium oxide, titanium oxide, and zinc 

30 oxide. These ultraviolet absori3ers may be used alone or in combination. Among these, the benzophenone-based 
compounds with a high ultraviolet absorption efficiency are preferably used. The content of the ultraviolet absoriaer in 
the protection layer is in the range of generally 0.1 to 20 percent by weight, and preferably 0.5 to 10 percent by weight. 
[0047] Examples of the hard coat agent are organopolysiloxane-based agents, photo-setting type acryl oligomer- 
based agents, urethane acrylate-based agents, epoxyacrylate-based agents, polyester acrylate-based agents, themno- 

35 setting acrylsilicone-based agents, and inorganic hard coat agents such as ceramics. They are may be used alone or 
in combination. Among these, the organopolysiloxane-based agents and the photo-setting type acryl oligomer-based 
agents are prefen-ed from the viewpoints of film fomning properties, and the like. These hard coat agents may be a 
solventless type or a solvent type. 

[0048] The protection layer preferably has both ultraviolet absoriDing properties and hard coat properties but does 
40 not necessarily have both of these properties. The protection layer with ultraviolet absorbing properties is fomned from 
a composition containing an ultraviolet absoriDer. The protection layer with hard coat properties is fonned from a com- 
pound containing a hard coat agent. The protection layer with both of the properties is fonned from a composition 
containing an ultraviolet absoriaer and a hard coat agent, or from two compounds one of which contains an ultraviolet 
absorber and the other of which contains a hard coat agent. In the latter case, the hard coat layer obtained from a 
45 composition containing a hard coat agent is preferably used as a top coat layer. 

[0049] Regardless of whether the protection layer contains an ultraviolet absorber and a hard coat agent or either 
one of them, each composition fonning the protection layer is if necessary blended with various additives including 
hindered amine-based light stabilizers, antistatic agents, slip improvers, dyes, pigments, surfactants, fillers such as 
fine silica and zirconia. No particular limitation is imposed on the mixing ratio of these additives as long as it is not such 
so a range as to mar the effects achieved by the present invention. However, it Is in the range of generally 0.01 to 10 
percent by weight, and preferably 0.05 to 5 percent by weight. 

[0050] The protection layer is fonned by any known method such as roll coating, dipping, gravure coating, bar coating, 
spin coating, spray coating, and printing methods. The thickness of the protection layer varies depending on the pur- 
poses of using the optic laminate of the present invention, but is in the range of generally 0.1 to 1 00 ^im, and preferably 
55 1 to 50 fim. 

[0051 ] The protection layer may be fonned from suitable number of commercially available ultraviolet absoriDing film 
and/or hard coat film, instead of using the above-described compositions, or alternatively fonned by laminating one or 
more hard coat films onto an ultraviolet absoriaing layer obtained from a composition containing an ultraviolet absorber. 
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The above-described reactive adhesives can be used for gluing the films each other or the ultraviolet absorbing layer 
and the hard coat filnri. In place of the connmercially available hard coat films, there may be used ones obtained by 
applying the above-described hard coat agent onto a transparent supporting film formed from polymethyl methacrylate. 
polystyrene, polycarbonate, polyether sulfone, polyphenylene sulfide, amorphous polyolefin, triacetyl cellulose, poly- 
5 ethylene terephthalate, or polyethylene naphthalate. 

[0052] In the case where the protection layer has hard coat properties, the hardness of the layer is desirably 3 or 
greater, and preferably 4 or greater in discoloration when the evaluation Is earned out In accordance with the testing 
method prescribed in JIS L 0849. 

[0053] The method of producing the optical laminate of the present invention is now described herein below. 

10 [0054] The optical laminate of the present invention has such a structure that a supporting substrate, an adhesive 
layer, a cholesteric liquid crystal layer and a protection layer are laminated in this order As described above, the 
cholesteric liquid crystal layer must comprise a cholesteric liquid crystal film having on at least a part thereof a region 
exhibiting diffractivity. However, preferably the whole of the cholesteric liquid crystal layer is formed from single chol- 
esteric liquid crystal film having on at least a part thereof a region exhibiting diffractivity. Therefore, in the following 

IS explanation for the sake of convenience, the cholesteric liquid crystal layer Is taken to be formed from one cholesteric 
liquid crystal film having at least partially a region exhibiting diffractivity. Such a film is hereinafter referred to merely 
as "cholesteric liquid crystal film having diffractivity". 

[0055] A first method of producing an optical laminate according to the present Invention is a method in which a 
supporting layer is bonded to a cholesteric liquid crystal film having diffractivity through an adhesive so as to obtain a 

20 three-layered laminate of the supporting substrate, adhesive layer, and film, followed by laminating a protection layer 
thereover. A second method is done by preparing a two-layered laminate of a cholesteric liquid crystal film having 
diffractivity and a protection layer and then bonding a supporting substrate to the film through an adhesive. 
[0056] As already described, for the preparation of the cholesteric liquid crystal film having diffractivity, there is gen- 
erally employed a method in which the diffraction pattern of a diffraction grating is transferred to the surface of the 

25 cholesteric liquid crystal film prepared on a suitable alignment substrate. Therefore, when using the film with the align- 
ment substrate attached for the preparation of the optical laminate of the present invention and taking a look at the 
cholesteric liquid crystal film of the optical laminate finally obtained, the laminate having the film with the diffraction- 
patterned surface faces the adhesive layer is produced by the first method since at the stage of preparing the three- 
layered laminate, the diffraction-patterned surface of the film faces the adhesive layer. Whereas, since at the stage of 

30 preparing the two-layered laminate of the cholesteric liquid crystal film and the protection layer In the second method 
the film surface with the transfen-ed diffraction partem faces the protection layer, the optical laminate with the cholesteric 
liquid crystal film surface located on the protection layer side is obtained. 

[0057] There may be employed an alternative method for the second one in which a cholesteric liquid crystal film 
having diffractivity and an easily peeiable substrate are bonded to each other with a composition for the protection 

35 layer containing a reaction adhesive so as to obtain a three-layered laminate of the film, protection layer, and easily 
peeiable substrate, followed by peeling off the substrate after bonding the film and a supporting substrate. This alter- 
native method is advantageous In mass-producing the laminates of which substrates are different. The optical laminate 
produced by this method has the diffraction-patterned film surface located at the protection layer side. 
[0058] Various plastic films may be used for the aforesaid easily peeiable substrate. Specific examples are olefin 

40 resins such as polyethylene, polypropylene, 4-methylpentene-1 resin, polyamide, polylmide, polyamideimide, polyether 
amide, polyether imide, polyether ketone, polyether ether ketone, polyether sulfone, polyketone sulfide, polysulfone, 
polystyrene, polyphenylene sulfide, polyphenylene oxide, polyethylene terephthalate, polybutylene terephthalate. pol- 
yarylate, polyacetal, polycarbonate, polyvinyl alcohol, and cellulose-based plastics. If necessary, the plastic films used 
for the easily peeiable substrate may be coated with silicone or fluorine plastic beforehand, provided with a thin film, 

45 orsubjectedtophysicaltreatmentssuch as evaporation and surface-polish for the purpose of enhancing the peelablllty. 
[0059] The easily peeiable substrate may be peeled off manually. Alternatively, it may be mechanically peeled off by 
means of rollers. There may also be used a method in which the substrate Is peeled off by utilizing a difference In 
thermal expansion coefficient between the protection layer and the substrate; a method in which it is entirely immersed 
in a poor solvent with respect to all the components and then mechanically peeled off; and a method in which it is 

50 peeled off by applying an ultrasonic wave In a poor solvent. 

[Industrial Applicability] 

[0060] The optical laminate of the preserit Invention has a specific effect that the diffracted light has a circular polar- 
55 Izability, which the prior art optical components do not have. The use of the optical laminate In a spectroscopic optical 
instrument requiring polarization such as an ellipsometer makes it possible to extremely enhance the use efficiency of 
light. In a conventional spectroscopic instrument requiring polarization, the light emitted from a light source has been 
required to be spectrally split into light components of different wavelengths using a diffraction grating or a prism, and 
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then allowed to pass through a polarizer, or to be spectrally split after being allowed to pass through a polarizer. The 
polarizer has presented a problem that it absorbs about 50 percent of the incident light, and the reflection occurs at- 
the interface, resulting in an extrennely low use efficiency of light. However, the use of the optical laminate of the present 
invention makes it possible to achieve very high, theoretically about 100 percent use efficiency of light. Furthennore, 

5 the optical laminate of the present Invention can control the transmission and blocking of the diffracted light with ease 
using a conventional polarizer. In general, the diffracted light having no polarizability can not be completely blocked 
even using any polarizers in combination. Namely, with the optical laminate of the present invention, the diffracted light 
having a right-handed polarizability can be completely blocked only when a left-handed circularly polarizing plate is 
used. Therefore, the complete blocking can not be achieved even using any other polarizing plate. Since the optical 

10 laminate has such an effect, by changing the state of the polarization plate, for example, In the environment where an 
observer observes a diffracted image over the polarizing plate the laminate makes It possible to allow the diffracted 
image to suddenly emerge from a dark field, or to suddenly disappear. 

[0061 ] As described above, the optical laminate of the present invention has a wide variety of use as a novel diffraction 
function element, and can be used as various optical elements and optoelectronic elements, decorative components, 

15 counterfeit preventing elements, and the like. 

[0062] The optical laminate of which supporting substrate Is a transparent and isotropic film is useful as optical 
elements and optoelectronic elements. Examples of such a transparent and isotropic film are a triacetyl cellulose film 
such as Fujitac manufactured by Fuji Photo Film Co., Ltd. and Konicatac manufactured by Konica Corp. , a TPX film 
manufactured by Mitsui Chemicals Inc., Arton film manufactured by JSR Corp., Zeonex film manufacture by Zeon 

20 Corp., Ltd., and Acryprene film manufactured by Mitsubishi Rayon Co., Ltd. Various liquid crystal displays having 
improved color compensation and/or viewing angle can be obtained by arranging this type of optical laminate in liquid 
crystal displays such asTN (Twisted Nematic)-LCD (Liquid Crystal Display). STN (Super Twisted Nematic)-LCD, ECB 
(Electrically Controlled Birefringence)-LCD, OMI (Optical Mode lnterference)-LCD, OCB (Optically Compensated Bi- 
refringence)-LCD, HAN (Hybrid Aligned Nematlc)-LCD, and IPS (In Plane Switch ing)-LCD. The optical laminate of the 

25 present invention can be used as the foregoing spectroscopic optical instalment requiring a spectrally split polarized 
light and also as a polarization optical element obtaining a light ray of a specific wavelength by utilizing the diffraction 
phenomenon, an optical filter, a circularly polarizing plate, and a photodiffusion sheet. Furthennore, a linearly polarizing 
plate can also be obtained by combining the optical laminate with a quarter-wave plate. Therefore, the optical laminate 
of the present invention can provide various optical components capable of exerting unprecedented optical effects as 

30 the optical elements and optoelctronic elements. 

[0063] As the decorative components, there can be obtained various designable film, combining the rainbow color- 
ation effect due to the diffraction power and the vivid coloration effect due to the cholesteric liquid crystal. Furthemnore, 
since the optical laminate of the present invention can be formed into a thin film, the film attached to or integrated in 
the existing product is significantly contributive to the differentiation from other similar products. When the optical lam- 

35 inate embedded with a designed diffraction pattern is attached to a glass window, the light resulting from selective 
reflection characteristics peculiar to the cholesteric liquid crystal having a diffraction pattern is seen as different colors 
depending upon the visual angle from the outside. Consequently, the resulting window is excellent in fanciness. Such 
a window makes it difficult to see the inside from the bright outside, nevertheless, the visibility of the outside from the 
Inside is good. 

40 [0064] Since the optical laminate of the present invention has both a light diffraction powerand optical characteristics 
peculiar to a cholesteric liquid crystal, the laminate can be used as a novel counterfeit prevention film, seal, label or 
the like. The optical laminate of the present invention may be attached to or embedded in a sheet- or card like article 
such as a driver's license, an identification card, a passport, a credit card, a prepaid card, and various notes, gift cards, 
and securities so as to impart the ability to be prevented from counterfeit to the article. In such a case, the laminate 

45 and the article can share the same supporting substrate. 

[0065] The counterfeit of the optical laminate of the present invention is very difficult because in addition to a light 
diffraction power it has the v»^velength selective reflection characteristics, circularly polarization selective reflection 
characteristics, dependence of color on a visual angle and unique coloration properties all peculiar to the cholesteric 
liquid crystal and the surface thereof is protected with a protection layer. Therefore, the optical lamination of the present 

50 invention is very useful as a counterfeit prevention element which is excellent in designability. 

[Best mode for carrying out the invention] 

Reference Example 1 iSynthesis of liquid crystalline polyester and production of a cholesteric liquid crystal film 



55 



[0066] A polycondensation reaction was conducted using 50 mmol of terephthallc acid, 20 mmol of hydroxybenzoic 
acid, 20 mmol of catechol. 10 mmol of (R)-2-methyl-1,4-butanediol, and 100 mg of sodium acetate under a nitrogen 
atmosphere while elevating a temperature stepwise, like 1 80 *»C for 1 hour. 200 «C for 1 hour, and 250 ^'C for 1 hour. 
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[0067] The polycondensation was continued at a temperature of 250 ''C for 2 hours while discharging the nitrogen 
and continued for another 1 hour at the same temperature under reduced pressure. The resulting polymer was dissch/sd 
in tetrachloroethane and reprecipitated with methanol thereby obtaining a liquid crystalline polyester 
[0068] A solution of the resulting polyester dissolved in N -methyl -2 -pyrro lido ne (20 percent by weight) was prepared 

5 and spin-coated to a rubbed polyphenylene sulfide alignment film. After the coating, the film was dried so as to remove 
the N-methyl-2-pyrrolidone thereby forming a liquid crystalline polyester film over the polyphenylene sulfide film. 
[0069] Thereafter, the liquid crystalline film was subjected to a heat treatment at a temperature of 200 "^C for 5 minutes 
and cooled to room temperature thereby obtaining on the polyphenylene sulfide film a liquid crystalline polyester film 
exhibiting a gold specular reflection. 

10 [0070] The transmission spectrum of the film was measured using an ultraviolet, visible, infrared spectrophotometer 
V-570 manufactured by JASCO Co. It was confirmed that there was formed a cholesteric liquid crystal film exhibiting 
a selective reflection having a central wavelength of about 600 nm and a selective reflection wavelength bandwidth of 
about 1 00 nm. The cholesteric phase and cross-section of the cholesteric liquid crystal film were observed by means 
of a polarizing microscope and a transmission electron microscope. It was confirmed that the helical axes of the chol- 

15 esteric liquid crystal phase were homogeneously parallel with each other in the direction of the thickness, and the 
helical pitch lengths were homogeneously equal in the direction of the thickness. 
[0071] Each of the methods for analyzing the resulting polymer is as follows: 

(1) Inherent viscosity of polymer: 

20 

It was measured by means of Ubbelohde's viscometer in a phenol/tetrachloroethane (60/40 weight ratio) sol- 
vent at a concentration of 0.5 g/100nril, and 30 ^'C 

(2) Glass transition temperature (Tg): 

25 

It was measured by means of Du Pont 990 Thennal Analyzer 

(3) Identification of liquid crystalline phase and measurement of transition temperature therefrom to isotropic phase: 

30 They were observed by means of BH2 polarization microscope equipped with a hot stage, manufactured by 

Olympus Optical Co., Ltd. 

(4) Molecular weight and molecular weight distribution by GPC: 

35 The weight-average molecular weight (Mw) and number-average molecular weight (Mn) of a standard poly- 

styrene of which these weights are already known were measured by means of columns of TSKG3000HXL, 
G2000HXL, and G1 OOOHXL manufactured by Tosoh Corporation and connected in series and using a tetrahy- 
drofuran (THF) solvent at a temperature of 25*^0 and flow rate of 0.7 ml/minute so as to prepare a calibration 
curve chart. From the chromatography of a sample liquid crystalline polymer measured under the same con- 

40 ditions, the weight-average molecular weight (Mw) and number-average molecular weight (Mn) thereof were 

derived in terms of the standard polystyrene. From these values, the molecular weight distribution Mw/Mn was 
derived. 

Reference Example 2 : Synthesis of liquid crystalline polyester and preparation of a cholesteric liquid crystal film 

45 

[0072] Various types of liquid crystalline polyesters were synthesized by the same method of Reference Example 1 . 
The results are shown in Table 1 . 

[0073] Similariy to Reference Example 1 , an N-methy!-2-pryrrolidone solution of each liquid crystalline polyester was 
prepared and fornied into a cholesteric liquid crystal film on a polyphenylene sulfide film used as an alignment substrate 
so by heating. The selective reflection color of each of the resulting films is also shown in Table 1 . 

[0074] The phase and cross-section of each of the resulting films were observed by means of a polarizing microscope 
and a transmission electron microscope, tt was confirmed that the helical axes of the cholesteric liquid crystal phase 
were homogeneously parallel with each other in the direction of the thickness, and the heik^al pitch lengths were ho- 
mogeneously equal in the direction of the thickness. 

55 
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Table 1 



5 



15 
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Inherent Viscosity 


To {°C) 


Selective 
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(molar ratio) 


(di/g) 




Reflection Color 


1 


TPA:HBA:CT:MBD=50:20:20:1 0 


0.130 


oo 




2 


BPDA:MHQ:CT:MBD=49:24:2o:1 .2 


U. lUl 


QQ 


red 


3 


TPA:CHQ:CT:MHD=49:25:13:1 3 


r\ COO 

0.b2i^ 


7n 
/U 




4 


BPDA:CT:MHD=49:40:1 1 


0.234 


69 


yellow 


5 


TPA:MHQ:CT:MBD=49:24:25:1 .7 


0.150 


90 


red 


6 


TPA:HBA:CT:MBD=50:15:20:15 


0.145 


85 


gold 


7 


NDCA:HQ:CCT:DMBD=49:30:8:1 3 


0.151 


82 


yellow 


8 


TPA:t-BHQ:CT:MBD=50:21 :21 :8 


0.248 


102 


red 


9 


TPA:PA:MHQ:DMBD=25:24:24:27 


1.382 


70 


green 


10 


BPDA:TPA:MBD=45:5:52 


0.241 


80 


blue 



[0075] Each abbreviation in Table 1 denotes the following compounds. 
TPA: terephthalic acid 
MHQ: methyl hydroquinone 
CT: catechol 

MBD: (R)-2-methyl-1,4-butanediol 

BPDA: 4,4'-biphenyldicarboxylic acid 

CHQ: chlorohydroquinone 

MHD: (R)-3-methyl-1,6-hexanediol 

HBA: hydroxybenzoic acid 

NCDA: 2,6-naphthalene dicarboxylic acid 

HQ: hydroquinone 

CCT: 3-chlorocatechol 

DMBD: (R)(R)-2,3-dimethyl-1 ,4-butanediol 

t-BHQ: t-butylhydroquinone 

PA: phthalic acid 

Example 1 

[0076] Onto the surface of the cholesteric liquid crystal film obtained In Reference Example 1 , was coated a com- 
mercially available photo-setting type acrylic oligomer adhesive with a thickness of 5 p. m by means of a bar coater. 
Then, a triacetyl cellulose (TAG) film was laminated on the adhesive layer by means of a desk laminator and subjected 
to ultraviolet in^adlation so as to cure the adhesive. 

[0077] After curing the adhesive, the cholesteric liquid crystal film was peeled off at the interface from the polyphe- 
nylene sulfide film by pinching and pulling the end thereof at an angle of 1 80 degrees thereby obtaining a laminate of 

the cholesteric liquid crystal film/adhesive layer/TAC film laminated in this order. 

[0078] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the laminate 
thus obtained were superimposed together in such a manner that the diffraction surface and the cholesteric liquid 
crystal film surface faced each other, and then heated and pressurized at a temperature of 120 '^C and pressure of 0.3 
MPa and roll contact time of 1 second by means of Laminator DX-350 manufactured by Tokyo Laminex Co., followed 
by cooling to room temperature and removing the diffraction grating film thereby obtaining Laminate A of the diffraction 
pattern-transferred cholesteric liquid crystal film/adhesive layer/TAC film. From the obsen/ation of the cholesteric liquid 
crystal film surface of Laminate A, it was apparently confirmed that there were the rainbow coloration characteristics 
caused by the diffraction pattern and the selective reflection characteristics peculiar to a cholesteric liquid crystal. 
Furthennore, the phase and cross-section of the cholesteric liquid crystal film layer were observed by means of a 
polarizing microscope and a transmission electron microscope, respectively. It was confimried that there was fomned 
a cholesteric orientation In the film surface wherein the helical axes of the cholesteric phase were not homogeneously 
parallel with each other in the direction of the thickness, and the helical pitches lengths were not homogeneously equal 
in the direction of the thickness. It was also confimied that in the other region, the helical axes were homogeneously 
parallel with each other in the direction of the thickness, and the helical pitches lengths were homogeneously equal in 
the direction of the thickness. 

[0079] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 
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crystal film. As a result, the laser beam was observed at exit angle of 0® and about iSS*' . For the purpose of checking 
polarization charHcterist'cs, Laminate A was placed under an ordinary interior illumination and was observed throush 
a right-handed circularly polarizing plate transmitting only a right-handed circularty polarized light. As a result, there 
was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
5 without the polarizing plate. Whereas, when Laminate A was observed through a left-handed circularly polarizing plate 
transmitting only a left-handed circularly polarized light, there was observed a dark field and no reflection/diffraction 
light of rainbow color. 

[0080] From the foregoing observations, it was confirmed that the cholesteric liquid crystal film of Laminate A had 
on the film surface a region exhibiting diffractivity and the diffracted light was a right-handed circularty polarized light. 
10 Furthemrtore, from the obsen/ations, it was found that the cholesteric liquid crystal film of Laminate A can be used as 
the cholesteric liquid crystal film of an optical laminate according to the present invention. 

[0081] Onto the cholesteric liquid crystal film surface of Laminate A, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd. and diluted with M-11 1 manufactured by the same so as to be 250 mPa • s 
in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber Cyasorb UV-24 manufac- 
'5 tured by Cytec Ind. with a thickness of 5 ^im by means of a bar coater, followed by ultraviolet In-adiation so as to cure 
the adhesive, thereby obtaining Laminate A-1 according to the present Invention. 

[0082] Laminate A-1 thus obtained was subjected to an accelerated light-resisting test. The test was conducted at 
a radiation illuminance at a sample surface of 1 00 W/m^ (wavelength range of 300 to 700 nm) for 1 00 hours by means 
of a xenon arc lamp type light-resistance test apparatus Sun Tester CPS manufactured by Shimadzu Corporation. 

20 [0083] As a result, the visual comparison of the reflection color of Optical Laminate A-1 between before and after 
the test found that there was no difference In reflection color. Even after the test, it was confirmed that the rainbow 
coloration characteristics caused by the diffraction pattern and the selective reflection characteristics peculiar to a 
cholesteric liquid crystal were maintained. Furthermore, the observation of the orientation state and light diffraction 
effect of the cholesteric liquid crystal layer of Optical Laminate A-1 found that they did not change, compared with those 

25 before the test. 

[0084] Onto the cholesteric liquid crystal layer surface of Laminate A, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd.) containing 20.0 percent by weight of photo-setting type acrylic oligeomer 
Aronix M-240 (manufactured by Toagosei Co., Ltd.) and 10.0 percent by weight of M-320 (manufactured by Toagosei 
Co., Ltd. ) with a thickness of 5 jim by means of a bar coater, followed by ultraviolet radiation so as to cure the adhesive 
30 thereby obtaining Optical Laminate A-2 according to the present invention. 

[0085] Laminate A-2 was subjected to a wear resistance test by means of a friction tester FR-I type manufactured 
by Suga Test Instmments Co., Ltd. The test was conducted In accordance with JIS-L-0849, with the proviso that the 
number of friction was 50 cycles per 50 seconds. 

[0086] After the test, no scar was found and the criterion of discoloration was 3 - 4. The visual comparison of the 
35 reflection color of the cholesteric liquid crystal layer between before and afterthe test found that there was no difference 
in reflection color. Even after the test, it was confirmed that the rainbow coloration characteristics caused by the dif- 
fraction pattern and the selective reflection characteristics peculiar to a cholesteric liquid crystal were maintained. 
Furthermore, the obsen/ation of the orientation state and light diffraction effect of the cholesteric liquid crystal layer of 
Optical Laminate A-2 found that they did not change, compared with those before the test. 
40 [0087] Onto the cholesteric liquid crystal film surface of Laminate A, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd. and diluted with M-150 and M-315 both manufactured by the same so as 
to be 300 mPa • s in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber Cyasorb 
UV-24 manufactured by Cytec Ind. with a thickness of 5 jim by means of a bar coater, followed by ultraviolet irradiation 
so as to cure the adhesive, thereby obtaining Laminate A-3 according to the present invention. 
45 [0088] Optical Laminate A-3 thus obtained was subjected to an accelerated light-resisting test. The test was con- 
ducted at a radiation illuminance at a sample surface of 1 00 W/m^ (wavelength range of 300 to 700 nm) for 1 00 hours 
by means of a xenon arc lamp type light-resistance test apparatus Sun Tester CPS manufactured by Shimadzu Cor- 
poration. 

[0089] Afterthe test, the visual comparison of the reflection color of Optical Laminate A-3 between before and after 
so the test found that there was no difference in reflection color. Even after the test, it was confirmed that the rainbow 
coloration characteristics caused by the diffraction pattern and the selective reflection characteristics peculiar to a 
cholesteric liquid crystal were maintained. Furthermore, the observation of the orientation state and light diffraction 
effect of the cholesteric liquid crystal layer of Optical Laminate A-3 found that they did not change, compared with those 
before the test. 

55 [0090] Laminate A-3 was subjected to a wear resistance test by means of a friction tester FR-I type manufactured 
by Suga Test Instruments Co., Ltd. Laminate A-3 was fixed such that the protection layer becomes the upper surface. 
A white cloth was attached to a friction element The element was reciprocally moved in a distance of 10 cm on the 
laminate 50 times for 50 seconds. Afterthe test, no scars were found and the criterion of discoloration was 3. 
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Comparative Example 1 

[0091] An optical laminate was obtained by following the method of producing Optical Laminate A-3 except that an 
ultraviolet absorber Cyasorb UV-24 manufactured by Sytec Corporation did not used, 
5 [0092] There were apparently confinned the rainbow coloration characteristics caused by the diffraction pattern and 
the selective reflectance characteristics peculiar to a cholesteric liquid. 

[0093] This optical laminate was subjected to the same acceleration light resistance test as that done for Laminate 
A-3. After the test, the reflection color and rainbow coloration disappeared to an extent that they are hardly observed. 

10 Comparative Example 2 

[0094] An optica! laminate was obtained by following the method of producing Optical Laminate A-3 except that M- 
315 was not used. 

[0095] It was apparently confimned that the laminate exhibited the rainbow coloration characteristics caused by the 
15 diffraction pattern and the selective reflectance characteristics peculiar to a cholesteric liquid crystal. However, when 
this laminate was subjected to the same wear resistance test as that done for Laminate A-3, it was found that the 
laminate had scars on the surface remarkably and becomes entirely blunred in white color. The criterion of discoloration 
was on the order of 2. There was obsen/ed a significant difference in reflection light between before and after the test. 

20 Example 2 

[0096] Onto the surface of the cholesteric liquid crystal film obtained in Reference Example 2, was coated a com- 
mercially available photo-setting type acrylic oligomer adhesive with a thickness of 5 ^ m by means of a bar coater. 
Then, a triacetyl cellulose (TAC) film was laminated on the adhesive layer by means of a desk lamlnator and subjected 
25 to ultraviolet irradiation so as to cure the adhesive. 

[0097] After curing the adhesive, the cholesteric liquid crystal film was peeled off at the interface from the polyphe- 
nylene sulfide alignment film by pinching and pulling the end thereof at an angle of 1 80 degrees thereby obtaining a 
laminate of the cholesteric liquid crystal film/adhesive layer/TAC film laminated in this order. 

[0098] A ruled diffraction grating film (900 lines/mm, a. product of Edmond Scientific Japan Co.) and the laminate 
30 thus obtained were superimposed together in such a manner that the diffraction surface and the cholesteric liquid 
crystal film surface faced each other, and then heated and pressurized at a temperature of 120 "C and pressure of 0.3 
MPa and roll contact time of 1 second by means of Lamlnator DX-350 manufactured by Tokyo Laminex Co., followed 
by cooling to room temperature and removing the diffraction grating film thereby obtaining Laminate B of the diffraction 
pattern-transferred cholesteric liquid crystal film/adhesive layer/TAC film. From the observation of the cholesteric liquid 
35 crystal film surface of Laminate B. it was apparently confimned that there were the rainbow coloration characteristics 
caused by the diffraction pattern and the selective reflection characteristics peculiar to a cholesteric liquid crystal. 
Furthennore, the phase and cross-section of the cholesteric liquid crystal film layer were observed by means of a 
polarizing microscope and a transmission electron microscope, respectively. It was confimied that there was fonned 
a cholesteric orientation in the film surface wherein the helical axes of the cholesteric phase were not homogeneously 
40 parallel with each other in the direction of the thickness, and the helical pitches lengths were not homogeneously equal 
in the direction of the thickness. It was also confimied that in the other region, the helical axes were homogeneously 
parallel with each other in the direction of the thbkness and the helical pitches lengths were homogeneously equal in 
the direction of the thickness. 

[0099] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 
45 crystal film. As a result, the laser beam was observed at exit angle of 0° and about ±35° . For the purpose of checking 
polarization characteristics, Laminate B was placed under an ordinary interior Illumination and was observed through 
a right-handed circularly polarizing plate transmitting only a right-handed circulariy polarized light. As a result, there 
was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
without the polarizing plate. Whereas, when Laminate B was observed through a left-handed circularly polarizing plate 
50 transmitting only a left-handed circulariy polarized light, there was observed a dark field and no reflection/diffraction 
light of rainbow color. 

[0100] From the foregoing observations, it was confirmed that the cholesteric liquid crystal film of Laminate B had 
on the film surface a region exhibiting diffractivity and the diffracted light was a right-handed circularly polarized light. 
Furthermore, from the observations, it was found that the cholesteric liquid crystal film of Laminate B can be used as 
55 the cholesteric liquid crystal film of an optical laminate according to the present invention. 

[0101] Onto the cholesteric liquid crystal film surface of Laminate B, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd. and diluted with M-111 manufactured by the same so as to be 250 mPa • s 
In viscosity) containing 5.0 percent by weight of a triazole-based ultraviolet absoriDer SEESORB 702 manufactured by 
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Shipro-Kasei Co., Ltd. with a thickness of 5 pjTi by means of a bar coater. followed by ultraviolet Irradiation so as to 
cure the adhesive, thereby obtaining Optical Laminate B-1 according to the present Invention. 
[0102] It was apparently confirmed that Laminate B-1 even when the ultraviolet absorber was laminated thereon 
exhibited the similar rainbow coloration characteristics caused by the diffraction pattern and the selective reflection 
5 characteristics peculiar to a cholesteric liquid crystal, similarly to those before the ultraviolet absorber was laminated. 
[0103] Onto the cholesteric liquid crystal layer, was coated a silicone vamish manufactured by Shin-Etsu Chemical 
Co., Ltd. with a thickness of 5 ^m by means of a bar coater, followed by heat-curing the varnish thereby obtaining 
Optical Laminate B-2 according to the present invention. 

[0104] It was apparently confirmed that Laminate B-1 even when the hard coat layer was laminated thereon exhibited 
10 the similar rainbow coloration characteristics caused by the diffraction pattern and the selective reflection characteristics 
peculiar to a cholesteric liquid crystal, similarly to those before the hard coat layer was laminated. 
[0105] Onto the cholesteric liquid crystal film surface of Laminate B, was coated an UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co.. Ltd. and diluted with M-150 and M-315 both manufactured by the same so as 
to be 300 mPa - s in viscosity) containing 5.0 percent by weight of a triazole-based ultraviolet absortDer SEESORB 702 
15 manufactured by Shipro-Kasei Co.. Ltd. with a thickness of 5 M,m by means of a bar coater, followed by ultraviolet 
irradiation so as to cure the adhesive, thereby obtaining Optical Laminate B-3 according to the present invention. 
[0106] It was apparently confimned that Laminate B-3 even when the protection layer having ultraviolet absortDing 
and hard coat properties was laminated thereon exhibited the similar rainbow coloration characteristics caused by the 
diffraction pattern and the selective reflection characteristics peculiar to a cholesteric liquid crystal to those before the 
20 protection layer was laminated. 



Example 3 ^ 

[0107] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the cholesteric 
25 liquid crystal film obtained in Reference Example 3 were superimposed together in such a manner that the diffraction 
surface and the liquid crystal surface faced each other, and then heated and pressurized at a temperature of 120 "C 
and pressure of 0.3 MPa and roll contact time of 1 second by means of Laminator DX-350 manufactured by Tokyo 
Laminex Co., followed by cooling to room temperature and removing the diffraction grating film thereby obtaining a 
two-layered laminate of the diffraction pattern-transfen^ed cholesteric liquid crystal film/polyphenylene sulfide film. 
30 [0108] Onto the cholesteric liquid crystal film surface of the laminate thus obtained, was coated a commercially 
available photo-setting type acrylic oligomer adhesive with a thickness of 5 n.m by means of a bar coater. Then, a 
triacetyl cellulose (TAC) film was laminated on the adhesive layer by means of a desk laminator and subjected to 
ultraviolet Irradiation so as to cure the adhesive. 

[0109] After curing the adhesive, the cholesteric liquid crystal film was peeled off at the interface from the polyphe- 

35 nylene sulfide alignment film by pinching and pulling the end thereof at an angle of 180 degrees thereby obtaining 
Laminate C of the cholesteric liquid crystal film/adhesive layer/TAC film laminated in this order 
[01 10] From the observation of the cholesteric liquid crystal film surface of Laminate C, it was apparently confinned 
that there were the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection 
characteristics peculiar to a cholesteric liquid crystal. Furthemnore, the phase and cross-section of thecholesteric liquid 

40 crystal film layer were observed by means of a polarizing microscope and a transmission electron microscope, respec- 
tively. It was confirmed that there was fomned a cholesteric orientation in the film surface wherein the helical axes of 
• the cholesteric phase were not homogeneously parallel with each other in the direction of the thickness, and the h elical 
pitches lengths were not homogeneously equal in the direction of the thickness. It was also confimned that in the other 
region, the helical axes were homogeneously parallel with each other in the direction of the thickness and the helical 

45 pitches lengths were homogeneously equal In the direction of the thickness. 

[0111] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident Into thecholesteric liquid 
crystal film. As a result, the laser beam was observed at exit angle of 0' and about ±35° . For the purpose of checking 
polarization characteristics, Laminate C was placed under an ordinary interior illumination and was observed through 
a right-handed circularly polarizing plate transmitting only a right-handed circulariy polarized light. As a result, there 

50 was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
without the polarizing plate. Whereas, when Laminate C was observed through a left-handed circularly polarizing plate 
transmitting only a left-handed circulariy polarized light, there was observed a dark field and no reflection/diffraction 
light of rainbow color. 

[0112] From the foregoing observations, it was confinned that the cholesteric liquid crystal film of Laminate C had 

55 on the film surface a region exhibiting diffractivity and the diffracted light was a right-handed circulariy polarized light. 
Furthermore, from the observations, it was found that the cholesteric liquid crystal film of Laminate C can be used as 
the cholesteric liquid crystal film of an optical laminate according to the present invention. 

[0113] Onto the cholesteric liquid crystal film surface of Laminate C. was coated a UV-setting adhesive Aronix UV- 
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3630 (manufactured byToagosei Co., Ltd. and diluted with M-111 manufactured by the same so as to be 250 mPa • s 
in viscosity) containing 5.0 percent by weight of a benzophenone-based urtraviolet absorber Cyasorb UV-24 manufac- 
tured by Cytec Ind. with a thickness of 5 pirn by means of a bar coater, followed by ultraviolet in^adiation so as to cure 
the adhesive, thereby obtaining Optical Laminate C-1 according to the present invention. 

5 [0114] It was apparently confirmed that Laminate C-1 even when the ultraviolet absorber was laminated thereon 
exhibited the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection charac- 
teristics peculiar to a cholesteric liquid crystal which are similar to those before the ultraviolet absorber was laminated. 
[01 1 5] Onto the cholesteric liquid crystal layer surface of Laminate C, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd.) containing 20.0 percent by weight of photo-setting type acrylic oligeomer 

10 Aronix M-240 (manufactured by Toagosei Co., Ltd.) and 1 0.0 percent by weight of M-320 (manufactured by Toagosei 
Co., Ltd.) with a thickness of 5 by means of a bar coater, followed by ultraviolet radiation so as to cure the adhesive 
thereby obtaining Optical Laminate C-2 according to the present invention. 

[0116] Laminate C-2 was subjected to a wear resistance test by means of a friction tester FR-I type manufactured 
by Suga Test Instalments Co., Ltd. The test was conducted in accordance with JIS-L-0849. with the proviso that the 

15 number of friction was 50 cycles per 50 seconds. 

[0117] After the test, no scar was found and the criterion of discoloration was 3 - 4. The visual comparison of the 
reflection color of the cholesteric liquid crystal layer between before and afterthe tests found that there was no difference 
in reflection color. Even after the test, it was confimned that the rainbow coloration characteristics caused by the dif- 
fraction pattern and the selective reflection characteristics peculiar to a cholesteric liquid crystal were maintained. 

20 Furthermore, the obsen/ation of the orientation state and light diffraction effect of the cholesteric liquid crystal layer of 
Optical Laminate C-2 found that they did not change, compared with those before the test. 

[0118] Onto the cholesteric liquid crystal film surface of Laminate C, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd. and diluted with M-1 1 1 manufactured by the same so as to be 250 mPa - s 
in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber CyasortD UV-24 manuf ac- 

25 tured by Cytec Ind. with a thickness of 5 jim by means of a bar coater, followed by ultraviolet irradiation so as to cure 
the adhesive, thereby fomning an ultraviolet absortDing layer. Thereafter, onto the ultraviolet absorbing layer, was coated 
a silicone varnish KR9706 manufactured by Shin-Etsu Chemical Co., Ltd. with a thickness of 5 ^tm by means of a bar 
coater, followed by heat-curing the varnish so as form a hard coat layer thereby obtaining Optical Laminate C-3 ac- 
cording to the present Invention. 

30 [01 1 9] It was apparently confirmed that Laminate C-3 even when the ultraviolet absoriDing layer and hard coat layer 
were laminated thereon exhibited the rainbow coloration characteristtes caused by the diffraction pattern and the se- 
lective reflection characteristics peculiar to a cholesteric liquid crystal which are similar to those before the ultraviolet 
absortDing layer and hard coat layer were laminated. 

[0120] Similariyto Example 1 , Laminate C-3 was subjected to the accelerated light-resisting test and wear resistance 
35 test. After the test, it was confinned that there was no change in the rainbow coloration characteristics caused by the 
diffraction pattern and the selective reflection characteristics peculiar to a cholesteric liquid crystal. The criterion of 
discoloration was 4. 

Example 4 

40 

[0121] Onto the surface of the cholesteric liquid crystal film obtained in Reference Example 4, was coated a com- 
mercially available photo-setting type acrylic oligomer adhesive with a thickness of 5 p. m by means of a bar coater. 
Then, a polyvinyl chloride sheet was laminated on the adhesive layer by means of a desk lamlnator and subjected to 
ultraviolet irradiation so as to cure the adhesive. 

45 [0122] After curing the adhesive, the cholesteric liquid crystal film was peeled off at the interface from the polyphe- 
nylene sulfide alignment film by pinching and pulling the end thereof at an angle of 180 degrees thereby obtaining a 
laminate of the cholesteric liquid crystal film/adhesive layer/polyvinyl chloride sheet laminated In this order. 
[0123] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the laminate 
thus obtained were superimposed together in such a manner that the diffraction surface and the cholesteric liquid 

so crystal film surface faced each other, and then heated and pressurized at a temperature of 120 *»C and pressure of 0.3 
MPa and roll contact time of 1 second by means of Laminator DX-350 manufactured by Tokyo Laminex Co., followed 
by cooling to room temperature and removing the diffraction grating film thereby obtaining Laminate D of the diffraction 
pattern-transferred cholesteric liquid crystal film/adhesive layer/polyvinyl chloride sheet. 

[01 24] From the observation of the cholesteric liquid crystal film surface of Laminate D, it was apparently confirmed 
55 that there were the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection 
characteristics peculiar to a cholesteric liquid crystal. Furthemnore, the phase and cross-section of the cholesteric liquid 
crystal film layer were observed by means of a polarizing microscope and a transmission electron microscope, respec- 
tively. It was confinned that there was formed a cholesteric orientation in the film surface wherein the helical axes of 
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the cholesteric phase were not homogeneously parallel with each other in the direction of the thickness, and the helical 
pitches lengths were not honnogeneously equal in the direction of the thickness. It was also confimried that in the other 
region, the helical axes were homogeneously parallel with each other in the direction of the thickness, and the helical 
pitches lengths were homogeneously equal in the direction of the thickness. 

5 [01 25] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 
ciystal film. As a result, the laser beam was observed at exit angle of O** and about ±35*' . For the purpose of checking 
polarization characteristics, Laminate D was placed under an ordinary interior illumination and was observed through 
a right-handed circularly polarizing plate transmitting only a right-handed circularly polarized light. As a result, there 
was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 

10 without the polarizing plate. Whereas, when Laminate D was observed through a left-handed circularly polarizing plate 
transmitting only a left-handed circularly polarized light, there was observed a dari^ field and no reflection/diffraction 
light of rainbow color 

[0126] From the foregoing observations, it was confirmed that the cholesteric liquid crystal film of Laminate D has 
on the film surface a region exhibiting diffractivity and the diffracted light was a right-handed circulariy polarized light. 
15 Furthemriore, from the observations, it was found that the cholesteric liquid crystal film of Laminate D can be used as 
the cholesteric liquid crystal film of an optical laminate according to the present invention. 

[0127] Onto the cholesteric liquid crystal film surface of Laminate D, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd. and diluted with M-11 1 manufactured by the same so as to be 250 mPa • s 
in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber Cyasorb UV-24 manufac- 
20 tured by Cytec Ind. with a thickness of 5 \im by means of a bar coater, followed by ultraviolet irradiation so as to cure 
the adhesive, thereby obtaining Optical Laminate D-1 according to the present invention. 

[0128] Laminate D-1 thus obtained was subjected to an accelerated light-resisting test. The test was conducted at 
a radiation illuminance at a sample surface of 1 00 W/m^ (wavelength range of 300 to 700 nm) for 1 00 hours by means 
of a xenon arc lamp type light-resistance test apparatus Sun Tester CPS manufactured by Shimadzu Corporation. 

25 [0129] As a result, the visual comparison of the reflection color of Optical Laminate D-1 between before and after 
the test found that there was no difference in reflection color Even after the test, It was confinned that the rainbow 
coloration characteristics caused by the diffraction pattern and the selective reflection characteristics peculiar to a 
cholesteric liquid crystal were maintained. Furthermore, the observation of the orientation state and light diffraction 
effect of the cholesteric liquid crystal layer of Optical Laminate D-1 found that they did not change, compared with 

30 those before the test. 

[0130] Onto the cholesteric liquid crystal layer surface of Optical Laminate D, was coated a UV-setting adhesive 
Aronix UV-3630 (manufactured by Toagosei Co., Ltd.) containing 20.0 percent by weight of photo-setting type acrylic 
oligeomer Aronix M-240 (manufactured by Toagosei Co., Ltd.) and 10.0 percent by weight of M-320 (manufactured by 
Toagosei Co., Ltd. ) with a thickness of 5 jrni by means of a bar coater, followed by ultraviolet radiation so as to cure 
35 the adhesive thereby obtaining Optical Laminate D-2 according to the present invention. 

[0131] Laminate D-2 was subjected to a wear resistance test by means of a friction tester FR-I type manufactured 
by Suga Test Instruments Co., Ltd. The test was conducted in accordance with JIS-L-0849, with the proviso that the 
number of friction was 50 cycles per 50 seconds. 

[0132] After the test, no scar was found and the criterion of discoloration was 3-4. The visual comparison of the 
40 reflection color of the cholesteric liquid crystal layer between before and after the test found that there was no difference 
in reflection color. Even after the test, it was confirmed that the rainbow coloration characteristics caused by the dif- 
fraction pattern and the selective reflection characteristics peculiar to a cholesteric liquid crystal were maintained. 
Furthemnore, the observation of the orientation state and light diffraction effect of the cholesteric liquid crystal layer of 
Optical Laminate D-2 found that they did not change, compared with those before the test. 
45 [0133] Onto the cholesteric liquid crystal film surface of Laminate D, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd. and diluted with M-150 and M-315 both manufactured by the same so as 
to be 300 mPa • s in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber Cyasorb 
UV-24 manufactured by Cytec Ind. with a thickness of 5 ^m by means of a bar coater, followed by ultraviolet irradiation 
so as to cure the adhesive, thereby obtaining Optical Laminate D-3 according to the present invention. 
50 [0134] Optical Laminate D-3 thus obtained was subjected to an accelerated light-resisting test. The test was con- 
ducted at a radiation illuminance at a sample surface of 1 00 W/m^ (wavelength range of 300 to 700 nm) for 1 00 hours 
by means of a xenon arc lamp type light- resistance test apparatus Sun Tester CPS manufactured by Shimadzu Cor- 
poration. 

[0135] After the test, the visual comparison of the reflection color of Optical Laminate D-3 between before and after 
55 the test found that there was no difference In reflection color. Even after the test. It was confirmed that the rainbow 
coloration characteristics caused by the diffraction pattern and the selective reflection characteristics peculiar to a 
cholesteric liquid crystal were maintained. Furthermore, the observation of the orientation state and light diffraction 
effect of the cholesteric liquid crystal layer of Optical Laminate D-3 found that they did not change, compared with 
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those before the test. 

Example 5 

5 [01 36] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the cholesteric 
liquid crystal film obtained in Reference Example 5 were superimposed together in such a manner that the diffraction 
surface and the cholesteric liquid crystal film surface faced each other, and then heated and pressurized at a temper- 
ature of 120 ^'C and pressure of 0.3 M Pa and roll contact time of 1 second by means of Laminator DX-350 manufactured 
by Tokyo Laminex Co., followed by cooling to room temperature and removing the diffraction grating film thereby ob- 

10 taining a two-layered laminate of the diffraction pattern-transferred cholesteric liquid crystal film/polyphenylene sulfide 
film. Onto the cholesteric liquid crystal film surface of the laminate thus obtained, was coated a commercially available 
photO'Setting type acrylic oligomer adhesive with a thickness of 5 \im by means of a bar coater. Then, a synthetic paper 
was laminated on the adhesive layer by means of a desk laminator and subjected to ultraviolet in-adiation so as to cure 
the adhesive. After curing the adhesive, the cholesteric liquid crystal film was peeled off at the interface from the 

15 polyphenylene sulfide film by pinching and pulling the end thereof at an angle of 180 degrees thereby obtaining Lam- 
inate E of the cholesteric liquid crystal film/adhesive layer/synthetic paper laminated in this order. 
[0137] From the observation of the cholesteric liquid crystal film surface of Laminate E, it was apparently confirmed 
that there were the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection 
characteristics peculiar to a cholesteric liquid crystal. Furthemriore, the phase and cross-section of the cholesteric liquid 

20 crystal film layer were observed by means of a polarizing microscope and a transmission electron microscope, respec- 
tively It was confinned that there was fomried a cholesteric orientation in the film surface wherein the helical axes of 
the cholesteric phase were not homogeneously parallel with each other in the direction of the thickness, and the helical 
pitches lengths were not homogeneously equal in the direction of the thickness. It was also confinned that in the other 
region, the helical axes were homogeneously parallel with each other in the direction of the thickness, and the helical 

25 pitches lengths were homogeneously equal in the direction of the thickness. 

[0138] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically Incident into the cholesteric liquid 
crystal film. As a result, the laser beam was observed at exit angle of C and about ±35° . For the purpose of checking 
polarization characteristics. Laminate E was placed under an ordinary interior illumination and was observed through 
a right-handed circularly polarizing plate transmitting only a right-handed circulariy polarized light. As a result, there 

30 was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
without the polarizing plate. Whereas, when Laminate E was observed through a left-handed circularly polarizing plate 
transmitting only a left-handed circulariy polarized light, there were observed a daric field and no reflection/diffraction 
light of rainbow color. 

[01391 f^rom the foregoing observations, it was confimned that the cholesteric liquid crystal film of Laminate E has 
35 on the film surface a region exhibiting diffractivity and the diffracted light was a right-handed circulariy polarized light. 
Furthermore, from the observations, it was found that the cholesteric liquid crystal film of Laminate E can be used as 
the cholesteric liquid crystal film of an optical laminate according to the present invention. 

[0140] Onto the cholesteric liquid crystal film surface of Laminate E, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactui-ed by Toagosei Co., Ltd. and diluted with M-111 manufactured by the same so as to be 250 mPa • s 
40 In viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber CyasoriD UV-24 manufac- 
tured by Cytec Ind., with a thickness of 5 ^m by means of a bar coater, followed by ultraviolet irradiation so as to cure 
the adhesive, thereby obtaining Optical Laminate E-1 according to the present invention. 

[0141] It was apparently confirmed that Laminate E-1 even when the ultraviolet absoriDer was laminated thereon 
exhibited the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection charac- 

45 terlstics peculiar to a cholesteric liquid crystal which are similar to those before the ultraviolet absorber was laminated. 
[0142] Onto the cholesteric liquid crystal layer surface of Laminate E, was coated an UV-settIng adhesive Aronix 
LIV-3630 (manufactured by Toagosei Co., Ltd.) containing 20.0 percent by weight of photo-setting type acrylic oligeomer 
Aronix M-240 (manufactured by Toagosei Co., Ltd.) and 1 0.0 percent by weight of M-320 (manufactured by Toagosei 
Co., Ltd. ) with a thickness of 5 fun by means of a bar coater, followed by ultraviolet radiation so as to cure the adhesive 

50 thereby obtaining Optical Laminate E-2 according to the present invention. 

[0143] Laminate E-2 was subjected to a wear resistance test by means of a friction tester FR-I type manufactured 
by Suga Test Instruments Co., Ltd. The test was conducted in accordance with JIS-L-0849, with the proviso that the 
number of friction was 50 cycles per 60 seconds, 

[0144] After the test, no scar was found and the criterion of discoloration was 3-4. The visual comparison of the 
55 reflection color of the cholesteric liquid crystal layer between before and afterthe test found that there was no difference 
in reflection color. Even after the test, it was confirmed that the rainbow coloration characteristics caused by the dif- 
fraction pattem and the selective reflection characteristics peculiar to a cholesteric liquid crystal were maintained. 
Furthermore, the observation of the orientation state and light diffraction effect of the cholesteric liquid crystal layer of 
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Optical Laminate E-2 found tliat they did not change, compared with those before the test. 

[G145] Onto the cho!esteric liquid cnysta! flLn?. surface of Laminate E. was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd. and diluted with M-11 1 manufactured by the same so as to be 250 mPa • s 
in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber Cyasorb UV-24 manufac- 
5 tured by Cytec Ind., with a thickness of 5 jim by means of a bar coater, followed by ultraviolet irradiation so as to cure 
the adhesive, thereby obtaining Optical Laminate E-3 according to the present invention. 

[01 46] It was apparently confimned that Laminate E-3 even when the ultraviolet absorbing layer and hard coat layer 
were laminated thereon exhibited the rainbow coloration characteristics caused by the diffraction pattem and the se- 
lective reflection characteristics peculiar to a cholesteric liquid crystal which are similar to those before the ultraviolet 
10 absorbing layer and hard coat layer were laminated. 

Example 6 

[0147] Onto the surface of the cholesteric liquid crystal film obtained in Reference Example 6, was coated a com- 
15 mercially available photo-setting type acrylic oligomer adhesive with a thickness of 5 |i m by means of a bar coater. 
Then, a polyvinyl chloride sheet was laminated on the adhesive layer by means of a desk laminator and subjected to 
ultraviolet Irradiation so as to cure the adhesive. 

[0148] After curing the adhesive, the cholesteric liquid crystal film was peeled off at the interface from the polyphe- 
nylene sulfide alignment film by pinching and pulling the end thereof at an angle of 180 degrees thereby obtaining a 

20 laminate of the cholesteric liquid crystal film/adhesive layer/polyvinyl chloride sheet laminated In this order. 

[0149] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the laminate 
thus obtained were superimposed together in such a manner that the diffraction surface and the cholesteric liquid 
crystal film surface faced each other, and then heated and pressurized at a temperature of 120 **C and pressure of 0.3 
MPa and roll contact time of 1 second by means of Laminator DX-350 manufactured by Tokyo Laminex Co., followed 

25 by cooling to room temperature and removing the diffraction grating film thereby obtaining Laminate F of the diffraction 
pattern-transferred cholesteric liquid crystal film/adhesive layer/polyvinyl chloride sheet. 

[01 50] From the observation of the cholesteric liquid crystal film surface of Laminate F, it was apparently confimned 
that there were the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection 
characteristics peculiar to a cholesteric liquid crystal. Furthermore, the phase and cross-section of the cholesteric liquid 

30 crystal film layer were observed by means of a polarizing microscope and a transmission electron microscope, respec- 
tively. It was confirmed that there was formed a cholesteric orientation in the film surface wherein the helical axes of 
the cholesteric phase were not homogeneously parallel with each other in the direction of the thickness, and the helical 
pitches lengths were not homogeneously equal in the direction of the thickness. It was also confirmed that in the other 
region, the helical axes were homogeneously parallel with each other in the direction of the thickness, and the helical 

35 pitches lengths were homogeneously equal in the direction of the thickness. 

[0151] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 
crystal film. As a result, the laser beam was observed at exit angle of 0° and about ±35** . For the purpose of checking 
polarization characteristics, Laminate F was placed under an ordinary interior illumination and was observed through 
a right-handed circulariy polarizing plate transmitting only a right-handed circulariy polarized light. As a result, there 

40 was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
without the polarizing plate. Whereas, when Laminate F was observed through a left-handed circulariy polarizing plate 
transmitting only a left-handed circulariy polarized light, there was observed a dark field and no reflection/diffraction 
light of rainbow color. 

[0152] From the foregoing observations, it was confimned that the cholesteric liquid crystal film of Laminate F has 
45 on the film surface a region exhibiting diffractivity and the diffracted light was a right-handed circularly polarized light. 
Furthermore, from the observations, it was found that the cholesteric liquid crystal film of Laminate F can be used as 
the cholesteric liquid crystal film of an optical laminate according to the present invention. 

[0153] Onto the cholesteric liquid crystal film surface of Laminate F, was laminated an ultraviolet cut-off PET film 
with a thickness of 25 |xm through a photo-setting acrylic oligomer adhesive with a thickness of 5 jim, thereby obtairiing 
so Optical Laminate F-1 according to the present invention. 

[0154] Optical Laminate F-1 thus obtained was subjected to an accelerated light-resisting test. The test was con- 
ducted at a radiation illuminance at a sample surface of 1 00 W/m2 (wavelength range of 300 to 700 nm) for 1 00 hours 
by means of a xenon arc lamp type light-resistance test apparatus Sun Tester CPS manufactured by Shimadzu Cor- 
poration. 

55 [0155] As a result, the visual comparison of the reflection color of Optica! Laminate F-1 between before and after 
the test found that there was no difference in reflection color. Even after the test, it was confirmed that the rainbow 
coloration characteristics caused by the diffraction pattern and the selective reflection characteristics peculiar to a 
cholesteric liquid crystal were maintained. Furthermore, the observation of the. orientation state and light diffraction 
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effect of the cholesteric liquid crystal layer of Optical Laminate F-1 found that they did not change, compared with those 
before the test. 

[0156] Onto the cholesteric liquid crystal layer surface of Laminate F. was coated a photo-setting acrylic oligomer 
adhesive wherein fine silica (Aerosil R812 manufactured by Nippon Aerosil Co., Ltd.) is dispersed with a thickness of 
5 5 Mjn by means of a bar coater, followed by ultraviolet radiation so as to cure the adhesive thereby obtaining Optical 
Laminate F-2 according to the present invention. 

[01 57] Laminate F-2 was subjected to a wear resistance test by means of a friction tester FR-I type manufactured 
by Suga Test Instruments Co., Ltd. The test was conducted in accordance with JIS-L-0849, with the proviso that the 
number of friction was 50 cycles per 50 seconds. 

10 [0158] After the test, no scar was found and the criterion of discoloration was 4-5. The visual comparison of the 
reflection color of the cholesteric liquid crystal layer between before and after the test found that there was no difference 
in reflection color. Even after the test, it was confirmed that the rainbow coloration characteristics caused by the dif- 
fraction pattem and the selective reflection characteristics peculiar to a cholesteric liquid crystal were maintained. 
Furthennore, the observation of the orientation state and light diffraction effect of the cholesteric liquid crystalline layer 

15 of Optical Laminate F-2 found that they did not change, compared with those before the test. 

[0159] Onto the cholesteric liquid crystal film surface of Laminate F, was laminated an ultraviolet cut-off PET film 
with a thickness of 25 p,m through a photo-setting type acrylic oligomer adhesive with a thickness of 5 [im, thereby 
obtaining Laminate F-3 according to the present invention. 

[0160] Optical Laminate F-3 thus obtained was subjected to an accelerated light-resisting test. The test was con- 
20 ducted at a radiation illuminance at a sample surface of 1 00 W/m^ (wavelength range of 300 to 700 nm) for 1 00 hours 
by means of a xenon arc lamp type light-resistance test apparatus Sun Tester CPS manufactured by Shimadzu Cor- 
poration. 

[0161] After the test, the visual comparison of the reflection color of Optical Laminate F-3 between before and after 
the test found that there was no difference In reflection color. Even after the test, it was confirmed that the rainbow 
25 coloration characteristics caused by the diffraction pattern and the selective reflection characteristics peculiar to a 
cholesteric liquid crystal were maintained. Furthermore, the observation of the orientation state and light diffraction 
effect of the cholesteric liquid crystalline layer of Optical Laminate F-3 found that they did not change, compared with 
those before the test. 

[0162] Laminate F-3 was subjected to a wear resistance test by means of a friction tester FR-I type manufactured 
30 by Suga Test Instruments Co.. Ltd. Laminate F-3 was fixed such that the protection layer becomes the upper surface. 
A white cloth was attached to a friction element. The element was reciprocally moved In a distance of 10 cm on the 
laminate 50 times for 50 seconds. After the test, no scar was found and the criterion of discoloration was 3-4. 

Example 7 

[0163] Onto the surface of the cholesteric liquid crystal film obtained in Reference Example 7, was coated a com- 
mercially available photo-setting type acrylic oligomer adhesive with a thickness of 5 p. m by means of a bar coater. 
Then, a glass substrate was laminated on the adhesive layer by means of a desk laminator and subjected to ultraviolet 
Irradiation so as to cure the adhesive. 

[0164] After curing the adhesive, the cholesteric liquid crystal film was peeled off at the interface from the polyphe- 
nylene sulfide alignment film by pinching and pulling the end thereof at an angle of 180 degrees thereby obtaining a 
laminate of the cholesteric liquid crystal film/adhesive layer/glass substrate laminated in this order. 
[0165] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the laminate 
thus obtained were superimposed together in such a manner that the diffraction surface and the cholesteric liquid 
crystal film surface faced each other, and then heated and pressurized at a temperature of 120 **C and pressure of 0.3 
MPa and roll contact time of 1 second by means of Laminator DX-350 manufactured by Tokyo Lamlnex Co., followed 
by cooling to room temperature and removing the diffraction grating film thereby obtaining Laminate G of the diffraction 
pattem-transferred cholesteric liquid crystal film/adhesive layer/glass substrate laminated in this order. 
[0166] From the observation of the cholesteric liquid crystal film surface of Laminate G, it was apparently confirmed 
that there were the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection 
characteristics peculiar to a cholesteric liquid crystal. Furthermore, the phase and cross-section of the cholesteric liquid 
crystal film layer were observed by means of a polarizing microscope and a transmission electron microscope, respec- 
tively. It was confirmed that there was formed a cholesteric orientation in the film surface wherein the helical axes of 
the cholesteric phase were not homogeneously parallel with each other in the direction of the thickness, and the helical 
pitches lengths were not homogeneously equal in the direction of the thickness. It was also confirmed that in the other 
region, the helical axes were homogeneously parallel with each other in the direction of the thickness, and the helical 
pitches lengths were homogeneously equal in the direction of the thickness. 

[0167] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 
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crystal film. As a result, the laser beam was observed at exit angle of 0*» and about ±36*' For the purpose of checking 
polarization characteristics, Laminate G was placed under an ordinary interior illumination and was observed through ■ 
a right-handed circulariy polarizing plate transmitting only a right-handed circulariy polarized light. As a result, there 
was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
5 without the polarizing plate. Whereas, when Laminate G was observed through a left-handed circulariy polarizing plate 
transmitting only a left-handed circularly polarized light, there was observed a daric field and no reflection/diffraction 
light of rainbow color. 

[01681 From the foregoing observations, it was contimned that the cholesteric liquid crystal film of Laminate G has 
on the film surface a region exhibiting diffractivity and the diffracted light was a right-handed circulariy polarized light. 
10 Furthermore, from the observations, it was found that the cholesteric liquid crystal film of Laminate G can be used as 
the cholesteric liquid crystal film of an optical laminate according to the present invention. 

[0169] Onto the cholesteric liquid crystal film surface of Laminate G, was coated a UV-settIng adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd. and diluted with M-111 manufactured by the same so as to be 250 mPa • s 
in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber CyasoriD UV-24 manufac- 
15 tured by Cytec Ind. with a thickness of 5 \\xr\ by means of a bar coater. followed by ultraviolet inradiation so as to cure 
the adhesive, thereby obtaining Optical Laminate G-1 according to the present invention. 

[0170] Laminate G-1 thus obtained was subjected to an accelerated light-resisting test. The test was conducted at 
a radiation illuminance at a sample surface of 100 W/m2 (wavelength range of 300 to 700 nm) tor 1 00 hours by means 
of a xenon arc lamp type light-resistance test apparatus Sun Tester CPS manufactured by Shimadzu Corporation. 

20 [0171] As a result, the visual comparison of the reflection color of Optical Laminate G-1 between before and after 
the test found that there was no difference in reflection color. Even after the test, it was confimned that the rainbow 
coloration characteristics caused by the diffraction pattern and the selective reflection characteristics peculiar to a 
cholesteric liquid crystal were maintained. Furthemnore, the observation of the orientation state and light diffraction 
effect of the cholesteric liquid crystal layer of Optical Laminate G-1 found that they did not change, compared with 

25 those before the test. 

[0172] Onto the cholesteric liquid crystal layer surface of Laminate G, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd.) containing 20.0 percent by weight of photo-setting type acrylic oligeomer 
Aronix M-240 (manufactured by Toagosei Co.. Ltd.) and 10.0 percent by weight of M-320 (manufactured by Toagosei 
Co.. Ltd. ) with a thickness of 5 |im by means of a bar coater, followed by ultraviolet radiation so as to cure the adhesive 
30 thereby obtaining Optical Laminate G-2 according to the present invention. 

[01 73] Laminate G-2 was subjected to a wear resistance test by means of a friction tester FR-I type manufactured 
by Suga Test Instruments Co., Ltd. The test was conducted in accordance with JIS-L-0849. with the proviso that the 
number of friction was 50 cycles per 50 seconds. 

[0174] After the test, no scar was found and the criterion of discoloration was 3-4, The visual comparison of the 
35 reflection color of the cholesteric liquid crystalline layer between before and after the test found that there was no 
difference in reflection color. Even after the test, it was confimned that the rainbow coloration characteristics caused 
by the diffraction pattern and the selective reflection characteristics peculiar to a cholesteric liquid crystal were main- 
tained. Furthermore, the observation of the orientation state and light diffraction effect of the cholesteric liquid crystal 
layer of Optical Laminate G-2 found that they did not change, compared with those before the test. 
40 [0175] Onto the cholesteric liquid crystal film surface of Laminate G, was coated was a UV-setting adhesive Aronix 
U V-3630 (manufactured by Toagosei Co. , Ltd. and diluted with M-111 manufactured by the same so as to be 250 mPa 
• s in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absoriDer Cyasorb UV-24 man- 
ufactured by Cytec Ind. with a thickness of 5 \m by means of a bar coater, followed by ultraviolet irradiation so as to 
cure the adhesive, thereby fomriing an ultraviolet absoriaing layer. Onto the ultraviolet absoriDing layer, was coated a 
45 20 percent by weight isopropyl alcohol solution of a mixture of Repoxy SP-1 509 manufactured by Showa High Polymer 
Co. and 4 percent by weight of Lucirin TPO manufactured by BASF Co. with a thickness of 5 \in\ by means of a bar 
coater, followed by curing by ultraviolet irradiation of 500 mJ/cm^ so as to form a hard coat layer thereby obtaining 
Optical Laminate G-3 according to the present invention. 

[0176] Optical Laminate G-3 thus obtained was subjected to an accelerated light-resisting test. The test was con- 
so ducted at a radiation illuminance at a sample surface of 1 00 W/m^ (wavelength range of 300 to 700 nm) for 1 00 hours 
by means of a xenon arc lamp type light-resistance test apparatus Sun Tester CPS manufactured by Shimadzu Cor- 
poration. 

[0177] After the test, the visual comparison of the reflection color of Optical Laminate G-3 between before and after 
the test found that there was no difference in reflection color. Even after the test, it was confirmed that the rainbow 
55 coloration characteristics caused by the diffraction pattern and the selective reflection characteristics peculiar to a 
cholesteric liquid crystal were maintained. Furthermore, the observation of the orientation state and light diffraction 
effect of the cholesteric liquid crystalline layer of Optical Laminate G-3 found that they did not change, compared with 
those before the test. 
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[0178] Laminate G-3 was subjected to a wear resistance test by nneans of a friction tester FR-I type manufactured 
by Suga Test Instruments Co., Ltd. Laminate G-3 was fixed such that the protection layer becomes the upper surface. 
A white cloth was attached to a friction element The element was reciprocally moved in a distance of 10 cm on the 
laminate 50 times for 50 seconds. After the test, no scar was found and the criterion of discoloration was 4. 

5 

Example 8 

[0179] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the cholesteric 
liquid crystal film obtained in Reference Example 8 were superimposed together in such a manner that the diffraction 

10 surface and the cholesteric liquid crystal film surface faced each other, and then heated and pressurized at a temper- 
ature of 1 20 **C and pressure of 0.3 MPa and roll contact time of 1 second by means of Laminator DX-350 manufactured 
by Tokyo Laminex Co., followed by cooling to room temperature and removing the diffraction grating film thereby ob- 
taining a two-layered laminate of the diffraction pattern-transferred cholesteric liquid crystal f ilm/polyphenylene sulfide 
film. Onto the cholesteric liquid crystal film surface of the laminate thus obtained, was coated a commercially available 

15 photo-setting type acrylic oligomer adhesive with a thickness of 5 p.m by means of a bar coater. Then , a glass substrate 
was laminated on the adhesive layer by means of a desk laminator and subjected to ultraviolet inradiation so as to cure 
the adhesive. 

[0180] After curing the adhesive, the cholesteric liquid crystal film was peeled off at the interface from the polyphe- 
nylene sulfide film by pinching and pulling the end thereof at an angle of 180 degrees thereby obtaining Laminate H 
20 of the cholesteric liquid crystal film/adhesive iayer/glass substrate laminated in this order. 

[01 81] From the observation of the cholesteric liquid crystal film surface of Laminate H, it was apparently confinned 
that there were the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection 
characteristics peculiar to a cholesteric liquid crystal. Furthemriore, the phase and cross-section of the cholesteric liquid 
crystal film layer wore observed by means of a polarizing microscope and a transmission electron microscope, respec- 
ts tively It was confimned that there was formed a cholesteric orientation in the film surface wherein the helical axes of 
the cholesteric phase were not homogeneously parallel with each other in the direction of the thickness, and the helical 
pitches lengths were not homogeneously equal in the direction of the thickness. It was also confimned that in the other 
region, the helical axes were homogeneously parallel with each other in the direction of the thickness, and the helical 
pitches lengths were homogeneously equal in the direction of the thickness. 
30 [0182] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident Into the cholesteric liquid 
crystal film. As a result, the laser beam was observed at exit angle of 0° and about ±35'' . For the purpose of checking 
polarization characteristics, Laminate H was placed under an ordinary interior illumination and was observed through 
a right-handed circularly polarizing plate transmitting only a right-handed circulariy polarized light. As a result, there 
was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
35 without the polarizing plate. Whereas, when Laminate H was observed through a left-handed circularly polarizing plate 
transmitting only a left-handed circulariy polarized light, there was obsen/ed a dark field and no reflection/diffraction 
light of rainbow color. 

[0183] From the foregoing observations, it was confirmed that the cholesteric liquid crystal film of Laminate H had 
on the film surface a region exhibiting diffractivrty and the diffracted light was a right-handed circulariy polarized light. 
40 Furthermore, from the observations, it was found that the cholesteric liquid crystal film of Laminate H can be used as 
the cholesteric liquid crystal film of the optical laminate of the present invention. 

[0184] Onto the cholesteric liquid crystal film surface of Laminate H, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd. and diluted with M-111 manufactured by the same so as to be 250 mPa • s 
in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber Cyasorb UV-24 manuf ac- 
45 tured by Cytec Ind. with a thickness of 5 |im by means of a bar coater, followed by ultraviolet Inradiation so as to cure 
the adhesive, thereby obtaining Optical Laminate H-1 according to the present invention. 

[0185] It was apparently confirmed that Laminate H-1 even when the ultraviolet absort^er was laminated thereon 
exhibited the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection charac- 
teristics peculiar to a cholesteric liquid crystal which are similar to those before the ultraviolet absorber was laminated. 

50 [0186] Onto the cholesteric liquid crystal layer surface of Laminate H, was coated a 20 percent by weight isopropyl 
alcohol solution of a mixture of Repoxy SP-1509 manufactured by Showa High Polymer Co. and 4 percent by weight 
of Lucirin TPO manufactured by BASF Co. with a thickness of 5 ^im by means of a bar coater, followed by curing by 
ultraviolet irradiation of 500 mJ/cm2 thereby obtaining Optical Laminate H-2 according to the present invention. 
[01 87] It was apparently confimied that Laminate H-2 even when the ultraviolet absoriDing layer was laminated ther- 

55 eon exhibited the rainbow coloration characteristics caused by the diffraction pattem and the selective reflection char- 
acteristics peculiar to a cholesteric liquid crystal which are similar to those before the ultraviolet absorbing layer was 
laminated. 

[0188] Onto the cholesteric liquid crystal film surface of Laminate H. was coated a UV-settIng adhesive Aronix UV- 



20 

BNSDOCID: <EP 120396aA1J_> 



EP 1 203 968 A1 



3630 (manufactured by Toagosei Co., Ltd.) containing 20.0 percent by weight of Aronix M-240 (manufactured by To- 
iagosei Co., Ltd.), 10 percent by weight of M-320 manufactured by the same, and 5 percent by weight of a benzophe- 
none-based ultraviolet absorber Cyasorb UV-24 manufactured by Cytec Ind., with a thickness of 5 nm by means of a 
bar coater, followed by ultraviolet irradiation so as to cure the adhesive and fomri a protection layer having ultraviolet 
5 absorbing properties and hard coat properties, thereby obtaining Optical Laminate H-3 according to the present inven- 
tion. 

[0189] It was apparently confirmed that Laminate H-3 even when the ultraviolet absorbing layer and hard coat layer 
were laminated thereon exhibited the rainbow coloration characteristics caused by the diffraction pattern and the se- 
lective reflection characteristics peculiar to a cholesteric liquid crystal which are similar to those before the ultraviolet 
10 absorbing layer and hard coat layer were laminated. 

Example 9 

[0190] Onto the surface of the cholesteric liquid crystal film obtained in Reference Example 9, was coated a com- 
15 mercially available photo-setting type acrylic oligomer adhesive with a thickness of 5 p. m by means of a bar coater. 
Then, a plastic substrate with a surface covered with an aluminum film was laminated on the adhesive layer and 
subjected to ultraviolet irradiation so as to cure the adhesive. 

[0191] After curing the adhesive, the cholesteric liquid crystal film was peeled off at the interface from the polyphe- 
nylene sulfide alignment film by pinching and pulling the end thereof at an angle of 180 degrees thereby obtaining a 

20 laminate of the cholesteric liquid crystal film/adhesive layer/aluminum film laminated in this order. 

[0192] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the laminate 
thus obtained were superimposed together in such a manner that the diffraction surface and the cholesteric liquid 
crystal film surface faced each other, and then heated and pressurized at a temperature of 120 °C and pressure of 0.3 
MPa and roll contact time of 1 second by means of Laminator DX-350 manufactured by Tokyo Laminex Co., followed 

25 by cooling to room temperature and removing the diffraction grating film thereby obtaining Laminate I of the diffraction 
pattern-transferred cholesteric liquid crystal film/adhesive layer/aluminum film. 

[0193] From the observation of the cholesteric liquid crystal film surface of Laminate I, it was apparently confirmed 
that there were the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection 
characteristics to a cholesteric liquid crystal. Furthemnore, the phase and cross-section of the cholesteric liquid crystal 

30 film layer were observed by means of a polarizing microscope and a transmission electron microscope, respectively. 
It was confimried that there was formed a cholesteric orientation in the film surface wherein the helical axes of the 
cholesteric phase were not homogeneously parallel with each other in the direction of the thickness, and the helical 
pitches lengths were not homogeneously equal In the direction of the thickness. It was also confirmed that in the other 
region, the helical axes were homogeneously parallel with each other in the direction of the thickness, and the helical 

35 pitches lengths were homogeneously equal in the direction of the thickness. 

[0194] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 
crystal film. As a result, the laser beam was observed at exit angle of 0° and about ±35° . For the purpose of checking 
polarization characteristics. Laminate I was placed under an ordinary interior illumination and was observed through 
a right-handed circulariy polarizing plate transmitting only a right-handed circularly polarized light. As a result, there 

40 was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
without the polarizing plate. Whereas, when Laminate I was observed through a left-handed circularly polarizing plate 
transmitting only a left-handed circulariy polarized light, there was observed a dark field and no reflection/diffraction 
light of rainbow color. 

[01 95] From the foregoing observations, it was confimried that the cholesteric liquid crystal film of Laminate I had on 
45 the film surface a region exhibiting diffractivity and the diffracted light was a right-handed circularly polarized light. 
Furthemnore, from the observations, It was found that the cholesteric liquid crystal film of Laminate I can be used as 
the cholesteric liquid crystal film of an optical laminate according to the present invention. 

[0196] Onto the cholesteric liquid crystal film surface of Laminate I, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd. and diluted with M-11 1 manufactured by the same so as to be 250 mPa • s 
50 in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber Cyasorb UV-24 manufac- 
tured by Cytec Ind. with a thickness of 5 |j.m by means of a bar coater, followed by ultraviolet irradiation so as to cure 
the adhesive, thereby obtaining Laminate 1-1 according to the present Invention. 

[0197] Laminate 1-1 thus obtained was subjected to an accelerated light-resisting test. The test was conducted at a 
radiation illuminance at a sample surface of 100 W/m2 (wavelength range of 300 to 700 nm) for 100 hours by means 
55 of a xenon arc lamp type light-resistance test apparatus Sun Tester CPS manufactured by Shimadzu corporation, 

[0198] As a result, the visual comparison of the reflection color of Optical Laminate 1-1 between before and after the 
test found that there was no difference in reflection color. Even afterthetest, itwas confirmed that the rainbow coloration 
characteristics caused by the diffraction pattern and the selective reflection characteristics peculiar to a cholesteric 
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liquid crystal were maintained. Furthennore, the observation of the orientation state and light diffraction effect of the 
cholesteric liquid crystal layer of Optical Laminate 1-1 found that they did not change, compared with those before the 
test. 

[0199] Onto the cholesteric liquid crystal layer surface of Laminate I, was coated a UV-setting adhesive Aronix UV- 
5 3630 (manufactured by Toagosei Co., Ltd.) containing 20.0 percent by weight of photo-setting type acrylic oligeomer 
Aronix M-240 (manufactured by Toagosei Co., Ltd.) and 1 0.0 percent by weight of M-320 (manufactured by Toagosei 
Co., Ltd. ) with a thickness of 5 ^m by means of a bar coater, followed by ultraviolet radiation so as to cure the adhesive 
thereby obtaining Optical Laminate 1-2 according to the present invention. 

[0200] Laminate 1-2 was subjected to a wear resistance test by means of a friction tester FR-I type manufactured by 
10 Suga Test Instruments Co.. Ltd. The test was conducted in accordance with JIS-L-0849, with the proviso that the 
number of friction was 50 cycles per 50 seconds. 

[0201] After the test, no scar was found and the criterion of discoloration was 3-4. The visual comparison of the 
reflection color of the cholesteric liquid crystalline layer between before and after the test found that there was no 
difference in reflection color. Even after the test, it was confirmed that the rainbow coloration characteristics caused 

15 by the diffraction pattern and the selective reflection characteristics peculiar to a cholesteric liquid crystal were main- 
tained. Furthennore, the observation of the orientation state and light diffraction effect of the cholesteric liquid crystal 
layer of Optical Laminate 1-2 found that they did not change, compared with those before the test. 
[0202] Onto the cholesteric liquid crystal film surface of Laminate I, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd. and diluted with M-111 manufactured by the same so as to be 250 mPa • s 

20 in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber Cyasorb UV-24 manufac- 
tured by Cytec Ind. with a thickness of 5 ^m by means of a bar coater, followed by ultraviolet irradiation so as to cure 
the adhesive, thereby fonning an ultraviolet absori^ing layer. Onto the ultraviolet absoriDing layer, was coated a photo- 
setting acrylic oligomer adhesive wherein fine silica (Aerosil R812 manufactured by Nippon Aerosil Co., Ltd.) is dis- 
persed, with a thickness of 5 hjti by means of a bar coater, followed by ultraviolet radiation so as to cure the adhesive 

25 and form a hard coat layer thereby obtaining Optical Laminate 1-3 according to the present invention. 

[0203] Optical Laminate 1-3 thus obtained was subjected to an accelerated light-resisting test. The test was conducted 
at a radiation illuminance at a sample surface of 100 W/m2 (wavelength range of 300 to 700 nm) for 100 hours by 
means of a xenon arc lamp type light- resistance test apparatus Sun Tester CPS manufactured by Shimadzu Corpo- 
ration. 

30 [0204] After the test, the visual comparison of the reflection color of Optical Laminate 1-3 between before and after 
the test found that there was no difference in reflection color. Even after the test, it was confimied that the rainbow 
coloration characteristics caused by the diffraction pattern and the selective reflection characteristics peculiar to a 
cholesteric liquid crystal were maintained. Furthermore, the observation of the orientation state and light diffraction 
effect of the cholesteric liquid crystalline layer of Optical Laminate 1-3 found that they did not change, compared with 

35 those before the test. 

[0205] Laminate 1-3 was subjected to a wear resistance test by means of a friction tester FR-I type manufactured by 
Suga Test Instruments Co., Ltd. Laminate 1-3 was fixed such that the protection layer becomes the upper surface. A 
white cloth was attached to a friction element. The element was reciprocally moved in a distance of 10 cm on the 
laminate 50 times for 50 seconds. After the test, no scar was found and the criterion of discoloration was 4. 

40 

Example 1 0 

[0206] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the cholesteric 
liquid crystal film obtained in Reference Example 10 were superimposed together in such a manner that the diffraction 

45 surface and the cholesteric liquid crystal film surface faced each other, and then heated and pressurized at a temper- 
ature of 120 ''C and pressure of 0.3 MPa and roll contact time of 1 second by means of Laminator DX-350 manufactured 
by Tokyo Laminex Co., followed by cooling to room temperature and removing the diffraction grating film thereby ob- 
taining a two-layered laminate of the diffraction pattern -transferred cholesteric liquid crystal film/polyp henylene sulfide 
film. Onto the cholesteric liquid crystal film surface of the laminate thus obtained, was coated a commercially available 

so photo-setting type acrylic oligomer adhesive with a thickness of 5 ^.m by means of a bar coater. Then, a plastic substrate 
with a surface covered with an aluminum film was laminated on the adhesive layer by means of a desk laminator and 
subjected to ultraviolet irradiation so as to cure the adhesive. After curing the adhesive, the cholesteric liquid crystal 
film was peeled off at the interface from the polyphenylene sulfide alignment film by pinching and pulling the end thereof 
at an angle of 1 80 degrees thereby obtaining Laminate J of the cholesteric liquid crystal film/adhesive layer/aluminum 

55 film laminated in this order. 

[0207] From the observation of the cholesteric liquid crystal film surface of Laminate J, it was apparently confirmed 
that there were the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection 
characteristics peculiar to a cholesteric liquid crystal. Furthennore, the phase and cross-section of the cholesteric liquid 
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crystal film layer were observed by means of a polarizing microscope and a transmission electron microscope, respec- . 
t!V9h'. It was confirmed that there was formed a cbo!esteric orientation in the film surface wherein the helical axes of 
the cholesteric phase were not homogeneously parallel with each other In the direction of the thickness, and the helical 
pitches lengths were not homogeneously equal in the direction of the thickness. It was also confirmed that in the other 
5 region, the helical axes were homogeneously parallel with each other in the direction of the thickness, and the helical 
pitches lengths were homogeneously equal in the direction of the thickness. 

[0208] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 
crystal film. As a result, the laser beam was observed at exit angle of 0*' and about ±35** . For the purpose of checking 
polarization characteristics, Laminate J was placed under an ordinary interior illumination and was observed through 
io a right-handed circulariy polarizing plate transmitting only a right-handed circulariy polarized light. As a result, there 
was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
without the polarizing plate. Whereas, when Laminate J was observed through a left-handed circularly polarizing plate 
transmitting only a left-handed circulariy polarized light, there was observed a dari< field and no reflection/diffraction 
light of rainbow color. 

15 [0209] From the foregoing obsen/ations, it was conlimied that the cholesteric liquid crystal film of Laminate J had 
on the film surface a region exhibiting diffractivity and the diffracted light was a right-handed circulariy polarized light. 
Furthermore, from the observations, it was found that the cholesteric liquid crystal film of Laminate J can be used as 
the cholesteric liquid crystal film of an optical laminate according to the present invention. 

[0210] Onto the cholesteric liquid crystal film surface of Laminate J, was coated a UV-setting adhesive Aronix UV- 
20 3630 (manufactured by Toagosei Co., Ltd. and diluted with M-1 1 1 manufactured by the same so as to be 250 mPa • s 
in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber Cyasorb UV-24 manufac- 
tured by Cytec Ind. with a thickness of 5 \xm by means of a bar coater, followed by ultraviolet irradiation so as to cure 
the adhesive, thereby obtaining Optical Laminate J-1 according to the present invention. 

[0211] It was apparently confimned that Laminate J-1 even when the ultraviolet absort3er was laminated thereon 
25 exhibited the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection charac- 
teristics peculiar to a cholesteric liquid crystal which are similar to those before the ultraviolet absoriaer was laminated. 
[021 2] Onto the cholesteric liquid crystal layer surface of Laminate J, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co. , Ltd.) containing 20.0 percent by weight of photo-setting type acrylic oligeomer 
Aronix M-240 (manufactured by Toagosei Co., Ltd.) and 10.0 percent by weight of M-320 (manufactured by Toagosei 
30 Co., Ltd) with a thickness of 5 |im by means of a bar coater. followed by ultraviolet radiation so as to cure the adhesive 
thereby obtaining Optical Laminate J-2 according to the present invention. 

[0213] Laminate J-2 was subjected to a wear resistance test by means of a friction tester FR-I type manufactured 
by Suga Test Instalments Co., Ltd. The test was conducted in accordance with JIS-L-0849, with the proviso that the 
number of friction was 50 cycles per 50 seconds. 

35 [0214] After the test, no scar was found and the criterion of discoloration was 3-4. The visual comparison of the 
reflection color of the cholesteric liquid crystalline layer between before and after the test found that there was no 
difference in reflection color. Even after the test, it was confimied that the rainbow coloration characteristics caused 
by the diffraction pattern and the selective reflection characteristics peculiar to a cholesteric liquid crystal were main- 
tained. Furthermore, the observation of the orientation state and light diffraction effect of the cholesteric liquid crystalline 

40 layer of Optical Laminate J-2 found that they did not change, compared with those before the test. 

[0215] Onto the cholesteric liquid crystal film surface of Laminate J, was coated a UV-setting adhesive Aronix UV- 
3630 (manufactured by Toagosei Co., Ltd. and diluted with M-1 1 1 manufactured by the same so as to be 250 mPa • s 
in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber CyasortD UV-24 manufac- 
tured by Cytec Ind. with a thickness of 5 \xxr\ by means of a bar coater, followed by ultraviolet in-adiatlon so as to cure 

45 the adhesive, thereby forming an ultraviolet absorbing layer. Onto the ultraviolet absorbing layer, was coated a photo- 
setting acrylic oligomer adhesive wherein fine silica (Aerosll R812 manufactured by Nippon Aerosil Co., Ltd.) is dis- 
persed, with a thickness of 5 jim by means of a bar coater, followed by ultraviolet radiation so as to cure the adhesive 
and fonn a hard coat layer thereby obtaining Optical Laminate J-3 according to the present invention. 
[0216] It was apparently confimned that Laminate J-3 even when the ultraviolet absoriaing layer and hard coat layer 

so were larhinated thereon exhibited the rainbow coloration characteristics caused by the diffraction pattern and the se- 
lective reflection characteristics peculiar to a cholesteric liquid crystal which are similar to those before the ultraviolet 
absoriDing layer and hard coat layer were laminated. 

Example 11 

55 

[0217] Onto a rubbed polyphenylene sulfide film (alignment substrate), was spin-coated a liquid crystalline polyester 
containing an R-form optically active compound and having a weight-average molecular weight U\n of 3.000, a molec- 
ular weight distribution Mw/Mn of 2.0, an inherent viscosity of 0.124, a Tg of 80 ^'C. and a Ti of 230 °C so as to be 
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formed into a film. 

[0218] Thereafter, the film was heated at a temperature of 1 80 for 5 minutes, resulting in a film exhibiting a gold 
specular reflection. 

[0219] From the measurement of transmission spectrum of the film thus obtained by means of an ultraviolet, visible, 
5 infrared spectrophotometer V-570 manufactured by JSCO Co., it was confirmed that there was formed a cholesteric 
liquid crystal film of which cholesteric phase exhibits a selective reflectance having a selective reflection wavelength 
band width of about 1 00 nm at a central wavelength of about 600 nm. 

[0220] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the film thus 
obtained were superimposed together in such a manner that the diffraction surface and the liquid crystal surface faced 
10 each other, and then heated and pressurized at a temperature of 1 20 °C and pressure of 0.3 MPa and roll contact time 
of 0.5 second by means of Lamlnator DX-350 manufactured by Tokyo Laminex Co., followed by cooling to room tem- 
perature and removing the diffraction grating film thereby obtaining a laminate of the diffraction pattern-transfen-ed 
cholesteric liquid crystal film/alignment substrate. 

[0221] From the observation of the cholesteric liquid crystal film surface of the laminate, it was apparently confirmed 
15 that there were the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection 
characteristics peculiar to a cholesteric liquid crystal. Furthermore, the phase and cross-section of the cholesteric liquid 
crystal film layer were observed by means of a polarizing microscope and a transmission electron microscope, respec- 
tively. It was confimned that there was formed a cholesteric orientation in the film surface wherein the helical axes of 
the cholesteric phase were not homogeneously parallel with each other in the direction of the thickness, and the helical 
20 pitches lengths were not honnogeneously equal in the direction of the thickness. It was also confirmed that in the other 
region, the helical axes were homogeneously parallel with each other in the direction of the thickness, and the helical 
pitches lengths were homogeneously equal In the direction of the thickness. 

[0222] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 
crystal film. As a result, the laser beam was observed at exit angle of 0^ and about ±35** . For the purpose of checking 

25 polarization characteristics, the laminate was placed under an ordinary interior illumination and was observed through 
a right-handed circularly polarizing plate transmitting only a right-handed circulariy polarized light. As a result, there 
was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
without the polarizing plate. Whereas, when the laminate was observed through a left-handed circularly polarizing plate 
transmitting only a left-handed circulariy polarized light, there was observed a dari< field and no reflection/diffraction 

30 light of rainbow color. 

[0223] From the foregoing observations, it was conf inned that the cholesteric liquid crystal film of the laminate had 
on the film surface a region exhibiting diffractivity and the diffracted light was a right-handed circulariy polarized light. 
[0224] Onto the cholesteric liquid crystal film surface of the laminate, was coated a commercially available photo- 
setting type acrylic oligomer adhesive with a thickness of 5 \lw by means of a bar coater. Then, a triacetyl cellulose 
35 (TAC) film was laminated on the adhesive layer by means of a desk laminator and subjected to ultraviolet irradiation 
so as to cure the adhesive. 

[0225] After curing the adhesive, the cholesteric liquid crystal film was peeled off at the interface from the polyphe- 
nylene sulfide alignment film by pinching and pulling the end thereof at an angle of 1 80 degrees thereby obtaining a 
laminate of the diffraction pattern -transferred cholesteric liquid crystal film/adhesive layer/TAC film laminated in this 
40 order. 

[0226] Onto the cholesteric liquid crystal film surface of the laminate thus obtained, was coated a UV-setting adhesive 
Aronix U\/-3630 (manufactured by Toagosei Co., Ltd. and diluted with M-111 manufactured by the same so as to be 
250 mPa • s in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber Cyasorb UV- 
24 manufactured by Cytec Ind., with a thickness of 5 \im by means of a bar coater, followed by ultraviolet irradiation 

45 so as to cure the adhesive, thereby obtaining an optical laminate according to the present invention. 

[0227] The laminate thus obtained was subjected to an accelerated light-resisting test. The test was conducted at a 
radiation illuminance at a sample surface of 100 W/m2 (wavelength range of 300 to 700 nm) for 100 hours by means 
of a xenon arc lamp type light- resistance test apparatus Sun Tester CPS manufactured by Shimadzu Corporation. 
[0228] As a result, the visual comparison of the reflection color of the optical laminate between before and after the 

50 test found that there was no difference in reflection color. Even afterthetest, it was confimned that the rainbow coloration 
characteristics caused by the diffraction pattern and the selective reflection characteristics peculiar to a cholesteric 
liquid crystal were maintained. Furthermore, the observation of the orientation state and light diffraction effect of the 
cholesteric liquid crystal layer of the optical laminate found that they did not change, compared with those before thetest. 

55 Example 12 

[0229] Onto a rubbed polyphenylene sulfide film (alignment substrate), was spin-coated a liquid crystalline polyester 
containing an R-fomn optically active compound and having a weight-average molecular weight Mwof 7000, a molecular 
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weight distribution Mw/Mn of 2.0, an inherent viscosity of 0.144. a Tg of 85 *C, and a Ti of 230 **C so as to be fonmed 

into a f!!m. 

[0230] Thereafter, the film was heated at a temperature of 200 *C for 5 minutes, resulting in a film exhibiting a gold 
specular reflection. 

5 [0231] A laminate was prepared by following the procedures of Example 11 except using the film thus obtained. A 
protection layer is fonmed on the cholesteric liquid crystal film surface thereby obtaining an optical laminate according 
to the present invention. The optical laminate was subjected to the same accelerated light-resisting test as that of 
Example 11 . The results of the test were similar to those of Example 11 . 

10 Example 13 

[0232] Onto a rubbed polyphenylene sulfide film (alignment substrate), was spin-coated a liquid crystalline polyester 
containing an R-forni optically active compound and having a weight-average molecular weight Mw of 20000, a mo- 
lecular weight distribution Mw/Mn of 2.2, an inherent viscosity of 0.344, a Tg of 1 02 **C, and a Ti of 250 "^C so as to be 
15 fomned into a film. 

[0233] Thereafter, the film was heated at a temperature of 220 **C for 5 minutes, resulting in a film exhibiting a gold 
specular reflection. 

[0234] From the measurement of transmission spectrum of the film thus obtained by means of an ultraviolet, visible, 
infrared speclropholometer V-570 manufactured by JASCO Co., it was confimied that there was fonned a cholesteric 
20 liquid crystal film of which cholesteric phase exhibits a selective reflectance having a selective reflection wavelength 
band width of about 100 nm at a central wavelength of about 600 nm. 

[0235] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the film thus 
obtained were superimposed together in such a manner that the diffraction surface and the liquid crystal film surface 
faced each other, and then heated and pressurized at a temperature of 150 '^C and pressure of 3 MPa and roll contact 
25 time of 0.5 second by means of Laminator DX-350 manufactured by Tokyo Laminex Co., followed by cooling to room 
temperature and removing the diffraction grating film thereby obtaining a laminate of the diffraction pattern -transferred 
cholesteric liquid crystal film/alignment substrate. 

[0236] From the observation of the cholesteric liquid crystal film surface of the laminate, it was apparently confimned 
that there were the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection 

30 characteristics peculiarto a cholesteric liquid crystal, Furthennore, the phase and cross-section of the cholesteric liquid 
crystal film layer were observed by means of a polarizing microscope and a transmission electron microscope, respec- 
tively. It was confirmed that there was formed a cholesteric orientation in the film surface wherein the helical axes of 
the cholesteric phase were not homogeneously parallel with each other in the direction of the thickness, and the helical 
pitches lengths were not homogeneously equal in the direction of the thickness. It was also confimned that in the other 

35 region, the helical axes were homogeneously parallel with each other in the direction of the thickness, and the helical 
pitches lengths were homogeneously equal in the direction of the thickness. 

[0237] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 
crystal film. As a result, the laser beam was observed at exit angle of 0^ and about ±35° , For the purpose of checking 
polarization characteristics, the laminate was placed under an ordinary interior illumination and was observed through 
40 a right-handed circularly polarizing plate transmitting only a right-handed circularty polarized light. As a result, there 
was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
without the polarizing plate. Whereas, when the laminate was observed through a left-handed circularly polarizing plate 
transmitting only a left-handed circularty polarized light, there was observed a daric field and no reflection/diffraction 
light of rainbow color 

45 [0238] From the foregoing observations, it was confimned that the cholesteric liquid crystal film of the laminate had 
on the film surface a region exhibiting diffraclivity and the diffracted light was a right-handed circularty polarized light. 
Furthermore, it was confirmed that the cholesteric liquid crystal film of the present invention can be obtained by trans- 
ferring the diffraction pattern of the diffraction grating on the cholesteric liquid crystal film above. 
[0239] Onto the cholesteric liquid crystal film surface of the lamiriate, was coated a commercially available photo- 

50 setting type acrylic oligomer adhesive containing an ultraviolet absorber and a hard coat agent, with a thickness of 5 
Jim by means of a bar coater. Then, a polyethylene terephthalate film was laminated on the adhesive layer by means 
of a desk laminator and subjected to ultraviolet irradiation so as to cure the adhesive. After curing the adhesive, the 
cholesteric liquid crystal film was peeled off at the interface from the polyphenylene sulfide film by pinching and pulling 
the end thereof at an angle of 180 degrees. 

55 [0240] A triacetyl cellulose film was laminated on the cholesteric liquid crystal film through an ultraviolet-setting type 
adhesive by means of a desk laminator and subjected to ultraviolet irradiation so as to cure the adhesive. Thereafter, 
the polyethylene terephthalate film was peeled off at the interface of the adhesive layer containing the ultraviolet ab- 
sorber and the hard coat agent thereby obtaining an optical laminate of the protection layer containing the ultraviolet 
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absorber and the hard coat agent/cholesteric liquid crystal film/adhesive layer/triacetyl cellulose according to the 
present Invention. 

Comparative Example 3 

5 

[0241] Onto a rubbed polyphenylene sulfide film (alignment substrate), was spin-coated a liquid crystalline polyester 
containing an R-form optically active compound and having a weight-average molecular weight Mw of 950, a molecular 
weight distribution Mw/Mn of 2, an inherent viscosity of 0.06, a Tg of 60 *»C, and a Ti of 220 so as to be fomied into 
a film. . 
10 [0242] Thereafter, the film was heated at a temperature of 1 80 for 5 minutes, resulting in a film exhibiting a gold 

specular reflection. 

[0243] From the measurement of transmission spectrum of the film thus obtained by means of an ultraviolet, visible, 
Infrared spectrophotometer V-570 manufactured by JASCO Co.. it was confimned that there was fonned a cholesteric 
liquid crystal film of which cholesteric phase exhibits a selective reflectance having a selective reflection wavelength 

15 band width of about 100 nm at a central wavelength of about 600 nm. 

[0244] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Go.) and the film thus 
obtained were superimposed together in such a manner that the diffraction surface and the cholesteric liquid crystal 
film surface faced each other, and then heated and pressurized at a temperature of 120 *C and pressure of 0.3 MPa 
and roll contact time of 0.5 second by means of Laminator DX-350 manufactured by Tokyo Laminex Co., followed by 

20 cooling to room temperature and removing the diffraction grating film. The resulting film was partially cracked and had 
irregularities and unevenness in cholesteric orientation. Furthemnore, the film did not exhibit the rainbow color char- 
acteristics caused by the diffraction pattern. Therefore, the preparation of an optical laminate was temninated. 

Comparative Example 4 

25 

[0245] Onto a rubbed polyphenylene sulfide film (alignment substrate), was spin-coated a liquid crystalline polyester 
containing an R-form optically active compound and having a weight-average molecular weight Mw of 120,000, a 
molecular weight distribution Mw/Mn of 4.0, an inherent viscosity of 2.0, a Tg of 150 °C, and a Ti of 240 ^'C so as to 
be fomned into a film. 

30 [0246] Thereafter, the film was heated at a temperature of 220 *»C for 20 minutes, resulting in a film exhibiting a light 
yellowish weak specular reflection. 

[0247] From the measurement of transmission spectrum of the film thus obtained by means of an ultraviolet, visible, 
infrared spectrophotometer V-570 manufactured by JASCO Co.. the central wavelength could not clearly be located 
in the region of 550 to 600 nm, and the selective reflection wavelength band width exhibited a weak broad selective 
35 reflectance. From the observation of the film by means of a microscope BX50 manufactured by Olympus Optical Co., 
Ltd., it was confirmed that there were a large number of defects in orientation on the film. 

[0248] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the film thus 
obtained were superimposed together, and then heated and pressurized at a temperature of 1 20 °C and pressure of 
3 MPa and roll contact time of 0.5 second by means of Laminator DX-350 manufactured by Tokyo Laminex Co . , followed 
40 by cooling to room temperature and removing the diffraction grating film. The resulting film had more defectives in 
orientation, and did not exhibit the rainbow color characteristics caused by the diffraction pattern. Therefore, the prep- 
aration of an optical laminate was terminated. 

Comparative Example 5 

45 

[0249] Onto a rubbed polyphenylene sulfide film (alignment substrate), was spin-coated a liquid crystalline polyester 
containing an R-form optically active compound and having a weight-average molecular weight Mw of 95,000, a mo- 
lecular weight distribution Mw/Mn of 6.0, an inherent viscosity of 1.5, a Tg of 145 ^'C, and a Ti of 240 °C so as to be 
fomned into a film. 

50 [0250] Thereafter, the film was heated at a temperature of 220 *»C for 20 minutes, resulting In a film exhibiting a light 
yellowish weak specular reflection. 

[0251] From the measurement of transmission spectrum of the film thus obtained by means of an ultraviolet, visible, 
infrared spectrophotometer V-570 manufactured by JASCO Co., the central wavelength could not clearly be located 
In the region of 550 to 600 nm, and the selective reflection wavelength band width exhibited a weak broad selective 
55 reflectance. From the observation of the film by means of a microscope BX50 manufactured by Olympus Optical Co., 
Ltd., it was confirmed that there were a large number of defects in orientation on the film. 

[0252] The same diffraction grating film as that of Comparative Example 4 was superimposed on the film obtained 
above such that the diffraction surface face thereto. After the diffraction pattern was transfen-ed to the film under the 
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same conditions of Comparative Example 4, the diffraction grating film was peeled off. The resulting film was further 
defective in orientation, and did not exhibit the rainbow ccloratscn characteristics caused by the diffraction ryanem. 
Therefore, the preparation of an optical laminate was terminated. 

5 Comparative Example 6 

[0253] Onto a mbbed polyphenylene sulfide alignment film, was spin-coated a liquid crystalline polyester containing 
an R-form optically active compound and having a weight-average molecular weight Mw of 98,000, a molecular weight 
distribution Mw/Mn of 3.0, an inherent viscosity of 1 .8, a Tg of 205 °C, and a Ti of 250 '='C so as to be formed into a 
10 film. Thereafter,* the film was heated at a temperature of 230 °C tor 20 minutes, resulting in a film exhibiting a light 
yellowish weak specular reflection, 

[0254] From the measurement of transmission spectrum of the film thus obtained by means of an ultraviolet, visible, 
infrared spectrophotometer V-570 manufactured by JASCO Co., the central wavelength could not clearly be located 
In the region of 550 to 600 nm. and the selective reflection wavelength band width exhibited a weak broad selective 
15 reflectance. From the observation of the film by means of a microscope BX50 manufactured by Olympus Optical Co., 
Ltd. It was confirmed that there were a large number of defects in orientation on the film. 

[0255] The same diffraction grating film as that of Comparative Example 4 was superimposed on the film obtained 
above such that the diffraction surface face thereto. After the diffraction pattern was transfen-ed to the film under the 
same conditions of Comparative Example 4. the diffraction grating film was peeled off. The resulting film was further 
20 defective in orientation, and did not exhibit the rainbow color caused by the diffraction pattern. Therefore, the preparation 
of an optical laminate was terminated. 

Comparative Example 7 

25 [0256] Onto a mbbed polyphenylene sulfide alignment film, was spin-coated a liquid crystalline polyester containing 
an R-form optically active compound and having a weight-average molecular weight Mw of 1040, a molecular weight 
distribution Mw/Mn of 2.1 , an inherent viscosity of 0.06, a Tg of 15 °C, and a Ti of 36 ^C so as to be formed into a film. 
Thereafter, the film was heated at a temperature of 30 °C for 5 minutes, resulting in a film exhibiting a gold specular 
reflection. 

30 [0257] From the measurement of transmission spectrum of the film thus obtained by means of an ultraviolet, visible, 
infrared spectrophotometer V-570 manufactured by JASCO Co. , it was confirmed that there was formed a cholesteric 
liquid crystal film of which cholesteric phase exhibits a selective reflectance having a selective reflection wavelength 
band width of about 1 00 nm at a central wavelength of about 600 nm. 

[0258] The same diffraction grating film as that of Comparative Example 3 was superimposed on the film obtained 
35 above such that the diffraction surface faced thereto. After the diffraction pattern was transferred to the film under the 
same conditions of Comparative Example 3, the diffraction grating film was peeled off. The resulting film had the 
cholesteric liquid crystalline phase a part of which was transfen-ed to an isotropic phase and irregularities and uneven- 
ness in the cholesteric phase. Furthemiore, the film did not exhibit the rainbow coloration characteristics caused by 
the diffraction pattern. Therefore, the preparation of an optical laminate was tenninated. 
40 _ - . 

Comparative Example 8 

[0259] Onto a rubbed polyphenylene sulfide film (alignment substrate), was spin-coated a liquid crystalline polyester 
containing an R-form optically active compound and having a weight-average molecular weight Mwof 1 030, a molecular 
45 weight distribution Mw/Mn of 2.2, an inherent viscosity of 0.046, a Tg of 20 "C, and a Ti of 115 ^'C so as to be fomaed 
into a film. 

[0260] Thereafter, the film was heated at a temperature of 1 00 ^'C for 5 minutes, resulting in a film exhibiting a gold 
specular reflection. 

[0261] From the measurement of transmission spectrum of the film thus obtained by means of an ultraviolet, visible, 
50 infrared spectrophotometer V-570 manufactured by Nippon Bunko Co. , it was confirmed that there was fomied a chol- 
esteric liquid crystal film of which cholesteric phase exhibits a selective refiectance having a selective refiection wave- 
length band width of about 100 nm at a central wavelength of about 600 nm. 

[0262] The same diffraction grating film as that of Comparative Example 4 was superimposed on the film obtained 
above such that the diff racfion surface faced thereto. After the diffraction pattern was transferred to the film under the 
55 same conditions of Comparative Example 4, the diffraction grating film was peeled off. The resulting film was partially 
cracked and had irregularities and unevenness in the cholesteric phase. Furthemnore, the film did not exhibit the rainbow 
colorafion char^acteristics caused by the diffraction pattern. Therefore, the preparation of an optical laminate was ter- 
minated. 
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Comparative Example 9 

[0263] Onto a rubbed polyphenylene sulfide film (alignment substrate), was spin-coated a liquid crystalline polyester 
containing an R-form optically active compound and having a weight-average molecular weight Mw of 98,900. a mo- 
5 lecular weight distribution Mw/Mn of 4.0, an inherent viscosity of 2.5. a Tg of 148 , and a Tl of 250 so as to be 
fomied into a film. Thereafter, the film was heated at a temperature of 220 "C tor 20 minutes, resulting in afilm exhibiting 
a light yellowish weak specular reflection. 

[0264] From the measurement of transmission spectmm of the film thus obtained by means of an ultraviolet, visible. 
Infrared spectrophotometer V-570 manufactured by JASCO Co., the central wavelength could not clearly be located 
10 In the region of 550 to 600 nm. and the selective reflection wavelength band width exhibited a weak broad selective 
reflectance. From the observation of the film by means of a microscope BX50 manufactured by Olympus Optical Co., 
Ltd. it was confirmed that there were a large number of defects In orientation on the film and thus was not formed a 
uniform cholesteric phase. 

[0265] The same diffraction grating film as that of Comparative Example 4 was superimposed on the film obtained 
15 above such that the diffraction surface faced thereto. After the diffraction pattern was transferred to the film under the 
same conditions of Comparative Example 4, the diffraction grating film was peeled off. The resulting film was further 
defective in the orientation, and did not exhibit the rainbow color caused by the diffraction pattern. Therefore, the 
preparation of an optical laminate was terminated. 

20 Example 14 

[0266] There was prepared an N-methyl-2-pyrroiidone solution (solution concentration: 20 percent by weight)of a 
liquid crystalline polyester containing an R-fonn optically active compound and having an inherent viscosity of 0.144 
dl/g, and aTg of 85*'C. Onto a rubbed polyimide SE-5291 manufactured by Nissan Chemical Industries Ltd. laminated 
25 on a polyether sulfone film manufactured by Sumitomo Bakelite Co., Ltd., used as an alignment substrate, was spin- 
coated the solution obtained above, followed by heating at a temperature of 200 **C for 5 minutes thereby obtaining a 
film exhibiting a gold specular reflection. 

[0267] From the measurement of transmission spectmm of the film thus obtained by means of an ultraviolet, visible, 
Infrared spectrophotometer V-570 manufactured by JASCO Co., it was confimried that there was fomried a cholesteric 
30 liquid crystal film of which cholesteric phase exhibits a selective reflectance having a selective reflection wavelength 
band width of about 100 nm at a central wavelength of about 600 nm. 

[0268] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the film thus 
obtained were superimposed together in such a manner that the diffraction surface and the liquid crystal surface faced 
each other, and placed on the plate of a 26-ton press machine manufactured by Sinnei Sangyo Co. , followed by heating 
35 and pressurizing at a temperature of 90 °C and pressure of 5 MPa for 1 minute. Thereafter, the films were removed 
from the press, and the grating film was peeled off. 

[0269] From the observation of the cholesteric liquid crystal film surface, it was apparently conflmned that there were 
the rainbow coloration characteristics caused by the diffraction pattem and the selective reflection characteristics pe- 
culiar to the cholesteric liquid crystal. Furthermore, the phase and cross-section of the cholesteric liquid crystal film 

40 layer were observed by means of a polarizing microscope and a transmission electron microscope, respectively. It was 
confirmed that there was fonned a cholesteric orientation in the film surface wherein the helical axes of the cholesteric 
phase were not homogeneously parallel with each other in the direction of the thickness, and the helical pitches lengths 
were not homogeneously equal in the direction of the thickness. It was also confimned that in the other region, the 
helical axes were homogeneously parallel with each other in the direction of the thickness, and the helical pitches 

45 lengths were homogeneously equal in the direction of the thickness. The number of helical tums In this region was 4. 
[0270] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 
crystal film. As a result, the laser beam was observed at exit angle of 0** and about ±35° . For the purpose of checking 
polarization characteristics, the laminate was placed under an ordinary interior illumination and was observed through 
a right-handed circulariy polarizing plate transmitting only a right-handed circularty polarized light. As a result, there 

50 was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
without the polarizing plate. Whereas, when the laminate was obsen/ed through a left-handed circularly polarizing plate 
transmitting only a left-handed circulariy polarized light, there was observed a dari< field and no reflection/diffraction 
light of rainbow color. 

[0271 ] From the foregoing observations. It was confimned that the cholesteric liquid crystal film had on the film surface 
55 a region exhibiting diffractivity and the diffracted light was a right-handed circularly polarized light. 

[0272] Onto the diffraction pattem transferred surface of the cholesteric liquid crystal film, was coated a commercially 
available photo-setting type acrylic adhesive with a thickness of 5 p.m by means of a bar coater. Then, a triacetyl 
cellulose (TAC) film as a supporting substrate was laminated on the adhesive layer by means of a laminator and 
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subjected to ultraviolet irradiation so as to cure the adhesive. 

[0273] Aftercunng the adhesive, the Gholesteric liquid crystal film was peeled off from the alignment substrate thereby 
obtaining a laminate of the diffraction pattern-transfen^ed cholesteric liquid crystal film/adhesive layer/TAC film lami- 
nated in this order. 

5 [0274] Onto the cholesteric liquid crystal film surface of the laminate thus obtained, was coated a silicone varnish 
KR9706 manufactured by Shin-Etsu Chemical Co., Ltd. with a thickness of 5 jun by means of a bar coater, followed 
by heat-curing the varnish so as to form a protection layer thereby obtaining an optical laminate of the silicone hard 
coat layer/cholesteric liquid crystal layer/adhesive layer/TAC film according to the present invention. 
[0275] The resulting laminate was apparently confirmed to exhibit the rainbow coloration characteristics caused by 

10 the diffraction pattem and the selective reflection characteristics peculiar to a cholesteric liquid crystal. 

Example 15 

[0276] The procedures of Example 1 4 was followed except that a rubbed polyphenylene sulfide film was used as an 
15 alignment substrate thereby obtaining a laminate of the cholesteric liquid crystal layer/adhesive layer/TAC film. The 
resulting laminate was apparently confimned to exhibit the rainbow coloration characteristics caused by the diffraction 
panem and the selective reflection characteristics peculiar to a cholesteric liquid crystal. 

[0277] The polyphenylene sulfide alignment film substrate was peeled off from the laminate thereby obtaining a 
laminate of the TAG supporting film substrate/adhesive layer/cholesteric liquid crystal film having such a stmcture that 

20 the diffraction pattern-transfen^ed cholesteric liquid crystal film surface is bonded to the TAC film through the adhesive. 
[0278] Onto the cholesteric liquid crystal film surface of the laminate thus obtained, was coated a silicone varnish 
KR9706 manufactured by Shin-Etsu Chemical Co., Ltd. with a thickness of 5 \im by means of a bar coater, followed 
by heat-curing the varnish so as to form a protection layerthereby obtaining an optical laminate of the silicon hard coat 
laycr/cholcstcric liquid crystal layer/adhesive layer/TAC film according to the present invention. 

25 [0279] The laminate thus obtained was subjected to a wear resistance test by means of a friction tester FR-I type 
manufactured by Suga Test Instruments Co., Ltd. The test was conducted in accordance with JIS-L-0849, with the 
proviso that the number of friction was 50 cycles per 50 seconds. 

[0280] After the test, no scar was found and the criterion of discoloration was 3-4. The visual comparison of the 
reflection color of the cholesteric liquid crystal layer between before and after the test found that there was no difference 
30 in reflection color. Even after the test, it was confirmed that the rainbow coloration characteristics caused by the dif- 
fraction pattem and the selective reflection characteristics peculiar to a cholesteric liquid crystal were maintained. 
Furthermore, the observation of the orientation state and light diffraction effect of the cholesteric liquid crystalline layer 
of the optical laminate found that they did not change, compared with those before the test, 

35 Example 16 

[0281] An N-methyl-2-pyn-olidone solution (concentration : 20 percent by weight) of the same liquid crystalline pol- 
yester as that of Example 12 was spin-coated on a rubbed polyphenylene sulfide film (alignment substrate) and then 
heated at a temperature of 200 **C for 5 minutes thereby obtaining a film exhibiting a gold specular reflection. 

40 [0282] A ruled diffraction grating film (900 lines/mm, a product of Edmdhd Scientific Japan Co.) and the film thus 
obtained were superimposed together in such a manner that the diffraction surface and the cholesteric liquid crystal 
film surface faced each other, and then heated and pressurized at a temperature of 120 °C and pressure of 0.3 MPa 
and roll contact time of 1 second by means of Laminator DX-350 manufactured by Tokyo Laminex Co. so as to transfer 
the diffraction pattern on the film obtained above. 

45 [0283] From the observation of the cholesteric liquid crystal film surface, it was apparently confirmed that there were 
the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection characteristics pe- 
culiar to a cholesteric liquid crystal. Furthermore, the phase and cross-section of the cholesteric liquid crystal film layer 
were observed by means of a polarizing microscope and a transmission electron microscope, respectively. It was 
confinned that there was formed a cholesteric orientation in the film surface wherein the helical axes of the cholesteric 

50 phase were not homogeneously parallel with each other in the direction of the thickness, and the helical pitches lengths 
were not homogeneously equal in the direction of the thickness. It was also confirmed that in the other region, the 
helical axes were homogeneously parallel with each other in the direction of the thickness, and the helical pitches 
lengths were homogeneously equal in the direction of the thickness. 

[0284] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 
55 crystal film. As a result, the laser beam was observed at exit angle of 0° and about ±35° . For the purpose of checking 
polarization characteristics, the laminate was placed under an ordinary interior illumination and was observed through 
a right-handed circularly polarizing plate transmitting only a right-handed circularly polarized light. As a result, there 
was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
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without the polarizing plate. Whereas, when the laminate was observed through a left-handed circularly polarizing plate 
transmitting only a left-handed drculariy polarized light, there was observed a dark field and no reflection/diffraction 

[0M51 Trom'the foregoing observations . it was confirmed that the cholesteric liquid crystal film had on the film surface 
a region exhibiting diffractivity and the diffracted light was a right-handed circularly polanzed light. 
[0286] Onto the cholesteric liquid crystal film surface, was coated a commercially available photo-setting type acrylic 
oligomer adhesive with a thickness of 5 jim by means of a bar coater. Onto the coated surface was laminated a TAG 
filrn supporting substrate, followed by ultraviolet irradiation so as to cure the adhesive thereby obtaining a laminate. 
The polyphenylene sulfide alignment film was peeled off from the cholesteric liquid crystal ^^^^u sutjace^ 
r02871 Onto the exposed cholesteric liquid crystal film surface, was coated a silicone varnish KR9706 manufactured 
bv Shin-Etsu Chemical Co.. Ltd. with a thickness of 5 ^ by means of a bar coater, followed by heat-curing the varnish 
so as to form a protection layer thereby obtaining an optical laminate of the silicone-based hard coat layer/cholestenc 
liquid crystal layer/TAC film according to the present invention. , , . , « cd i k.„« 

r02881 The laminate thus obtained was subjected to a wear resistance test by means of a fnction tester FR-I type 
15 manufactured by Suga Test Instruments Co.. Ltd. The test was conducted in accordance with JIS-L-0849, with the 
proviso that the number of friction was 50 cycles per 50 seconds. , »l, 

r02891 After the test, no scar was found and the criterion of discoloration was 3 - 4. The visual companson of the 
reflection color of the cholesteric liquid crystal layer between before and afterthe test found that there was difference 
in reflection color. Even after the test, it was confimied that the rainbow coloration characteristics caused by the dif- 
20 fraction pattern and the selective reflection characteristics peculiar to a cholesteric liquid crystal were maintained. 
Furthenriore. the observation of the orientation state and light diffraction effect of the cholesteric liquid crystalline layer 
of the laminate found that they did not change, compared with those before the test. 

Reference Example 11 : Preparation of a cholesteric liquid crystal film 

[0290] There was prepared an N-methyl-2-pyrrolidone solution (solution concentration: 20 percent by weight)of a 
liquid crystalline polyester containing an R-fomn optically active compound and having an inherent viscosity at 30 C 

of 0.145 dl/g, and a Tg of SS°C. . ^ » \ 

[0291 1 The solution thus obtained was spin-coated on a mbbed pofyphenylene sulfide film (P PS; alignment substrate) 
and heated at a temperature of 200 °C for 5 minutes, resulting in the formation of a cholesteric liquid crystal film 
exhibiting a gold selective reflection on the alignment substrate. . ^ ^ . u 

[0292] The transmission spectrum of the film was measured by means of an ultraviolet, visible, infrared spectropho- 
tometer V-570 manufactured by JASCO Co. It was confimied that there was formed a cholestenc liquid crystal filrn 
exhibiting a selective reflection having a central wavelength of about 600 nm and a selective reflection wavelength 
35 bandwidth of about 1 00 nm and having a thickness of 1 .6 ^m. 

Example 1 7 

[02931 A ruled diffraction grating film (900 lines/mm. a product of Edmond Scientific Japan Co.) and the film obtained 
40 in Ref erence Example 11 were superimposed together in such a manner that the diffraction surface and the cholestenc 
liquid crystal surface on the PPS film faced each other, and then heated and pressurized at a temperature of 120 C 
and pressure of 0.3 MPa and roll contact time of 0.5 second by means of Laminator DX-350 manufactured by Tokyo 
Laminex Co., followed by cooling to room temperature and removing the diffraction grating film thereby obtaining a 
diffraction pattern-transferred cholesteric liquid crystal film. .»k«,« 
45 [02941 From the observation of the cholesteric liquid crystal film surface, it was apparently confirmed that there were 
the rainbow coloration characteristics caused by the diffraction pattern and the selective reflection characteristics pe- 
culiar to a cholesteric liquid crystal. Furthermore, the phase and cross-section of the cholesteric liquid crystal film layer 
were obsen/ed by means of a polarizing microscope and a transmission electron microscope, respective^. It was 
confirmed that there was formed a cholesteric orientation in the film surface wherein the helical axes of the cho estenc 
phase were not homogeneously parallel with each other in the direction of the thickness, and the helical pitches lengths 
were not homogeneously equal in the direction of the thickness. It was also confirmed that in the other region, the 
helical axes were homogeneously parallel with each other in the direction of the thickness, and the helical pitches 
lengths were homogeneously equal in the direction of the thickness. The number of helical turns in this i-egion was 5^ 
[0295] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholestenc liquid 
crystal film. As a result, the laser beam was observed at exit angle of 0° and about ±35° . For the purpose of checking 
polarization characteristics, the laminate was placed under an ordinary interior illumination and was observed through 
a right-handed circularly polarizing plate transmitting only a right-handed circularty polarized light. As a resutt. there 
was observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed 
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without the polarizing plate. Whereas, when the laminate was observed through a left-handed circularly polarizing plate 
transmitting only a left-handed circularly polarized light, there was observed a dark field and no reflection/diffraction - 
light of rainbow color. 

[0296] From the foregoing observations, it was confirmed that the cholesteric liquid crystal film had on the film surface 
5 a region exhibiting diffractivity and the diffracted light was a right-handed circularly polarized light. 

[0297] Onto the diffraction pattern-transferred surface of the cholesteric liquid crystal film, was coated a commercially 
available photo-setting type acrylic adhesive with a thickness of 5 pjn by means of a bar coater. Then, after a triacetyl 
cellulose (TAG) supporting film substrate was laminated on the adhesive layer by means of a laminator and subjected 
to ultraviolet irradiation so as to cure the adhesh/e , the PPS alignment film substrate was peeled off at the direction 
10 of 180 degrees. 

[0298] Onto the exposed cholesteric liquid crystal film was coated a photo-setting acrylic adhesive with a thickness 
of 5 iim. Thereafter, onto the coated surface was laminated a TAG supporting film substrate by means of a laminator, 
followed by ultraviolet irradiation so as to cure the adhesive thereby obtaining an optical laminate functioning as a 
polarizing diffraction element according to the present invention. 

15 [0299] The laminate thus obtained was subjected to observations by means of a polarizing microscope and a trans- 
mission electron microscope and an observation to see the orientation state by an He/Ne laser beam with a wavelength 
of 632.8 nm made vertically incident into the cholesteric liquid crystal film. There was obsen/ed no difference from 
before the lamination of the supporting substrate. From a visual observation, there were apparently confinned the 
rainbow coloration characteristics caused by the diffraction pattern and the selective reflection characteristics peculiar 

20 to a cholesteric liquid crystal. 

Example 18 

[0300] The same procedures of Example 17 were followed thereby obtaining a diffraction pattern-transferred chol- 

25 esteric liquid crystal film on a PPS alignment film substrate. 

[0301 ] A commercially available photo-setting acrylic adhesive was coated on the cholesteric liquid crystal film sur- 
face on the PPS film, and a polyester supporting film with a thickness of 25 |i,m was bonded thereon. Thereafter, the 
PPS alignment substrate film was peeled off thereby obtaining a laminate of the supporting substrate/photo-setting 
adhesive layer/cholesteric liquid crystal film. 

30 [0302] A protection layer was formed on the cholesteric liquid crystal film of the laminate thereby obtaining an optical 
laminate functioning as a polarizing diffraction element according to the present Invention. The protection layer was 
formed from a 80 M.m thick UV absortDer-containing triacetyl cellulose (TAG) film UVD80 manufactured by Fuji Photo 
Film Co. and a commercially available polyester-based hot melt adhesive by means of a laminator heated to 100 **G . 
[0303] It was apparently confinned that the resulting laminate exhibited the rainbow coloration characteristics caused 

35 by the diffraction pattern and the selective reflection characteristics peculiar to a cholesteric liquid crystal. 

Example 1 9 

[0304] The same procedures of Example 17 were followed thereby obtaining a diffraction pattern-transferred chol- 

40 esteric liquid crystal film on a PPS alignment film. 

[0305] A 25 ^im thick polyester film coated with a silicone-based releasing agent (easily peelable substrate) was 
bonded to the PPS film obtained above with a commercially available acrylic photo-setting type adhesive such.that the 
releasing agent-coated surface faced the cholesteric liquid crystal film surface on the PPS film. Thereafter, only the 
PPS alignment film was peeled off thereby obtaining a laminate of the easily peel off substrate/photp-setting type 

45 adhesive/cholesteric liquid crystal film. 

[0306] A commercially available polyester-based hot melt adhesive was coated on the cholesteric liquid crystal film 
surface of the laminate by a conventional manner. Onto the adhesive layer was superimposed a 1mm thick polyvinyl 
chloride sheet having on a surface an aluminum-deposited film such that the film surface faced the adhesive layer. 
They were then hot-stumped thereby obtaining a laminate. The easily peelable film was able to be cleariy peeled off 

50 from the photo-setting type adhesive layer thereby obtaining a laminate with the photo-setting adhesive layer as a 
protection layer and the polyvinyl chloride sheet as a supporting substrate according to the present invention. 
[0307] It was apparently confirmed that the resulting laminate exhibited the rainbow coloration characteristics caused 
by the diffraction pattern and the selective reflection characteristics peculiar to a cholesteric liquid crystal. 

55 Example 20 

[0308] A polycondensatipn reaction was conducted using 50 mmol of terephthalic acid, 20 mmol of hydroxybenzoic 
acid. 20 mmol of catechol, 10 mmol of (R)-2-methyl-1,4-butanediol. and 100 mg of sodium acetate under a nitrogen 
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atmosphere while elevating a temperature stepwise, like 1 80 *»C for 1 hour. 200 *»C for 1 hour, and 250 °C for 1 hour. 
[0309] The polycondensation was continued at a temperature of 250 ^'C for 2 hours while discharging the nitrogen 
and continued for another 1 hour at the same temperature under reduced pressure. The resulting polymer was dissolved 
in tetrachloroethane and reprecipitated with methanol thereby obtaining a liquid crystalline polyester 
5 [031 0] A solution of the resulting polyester dissolved In N-methyl-2-pyrrolidone (20 percent by weight) was prepared 
and spin-coated to a rubbed polyphenylene sulfide alignment film. After the coating, the film was dried so as to remove 
the N-methyl-2-pyrrolidone thereby fomning a liquid crystalline polyester film over the polyphenylene sulfide film. The 
thickness of the dried polyester film was measured by means of a contact type film thickness meter and found to be 
1.6 Kun. 

10 [031 1 ] Thereafter, the liquid crystalline film on the alignment substrate was subjected to a heat treatment at a tem- 
perature of 185 ^'C for 5 minutes and cooled to room temperature thereby obtaining on the alignment substrate a 

polyester film exhibiting a gold specular reflection. 

[0312] The transmission spectrum of the film was measured by means of an ultraviolet, visible, infrared spectropho- 
tometer v-570 manufactured by JASCO Co. It was confimned that there was fomned a cholesteric liquid crystal film 
15 exhibiting a selective reflection having a central wavelength of about 600 nm and a selective reflection wavelength 
bandwidth of about 110 nm. 

[0313] The specular competent exclude (SCE) and specular competent include (SCI) of the film was measured by 
means of a spectral colorimeter CM-3500d manufactured by Minolta Co., Ltd. and found to be 4 percent and 45 percent, 
respeclively. The diffusivity was about 9 percent. From a visual observation, it was confimned that the film was a metal 
20 glossy gold color and had a texture exhibiting luxuriousness. 

[031 4] A bright reflection light was observed from the direction of the specular reflection but not observed at the other 
angles. The film had the same properties as a specular surface. 

[0315] The phase and cross-section of the cholesteric liquid crystal film were obsen^ed by means of a polarizing 
microscope and a transmission electron microscope. It was confimned that the helical axes of the cholesteric liquid 

25 crystal phase were homogeneously parallel with each other in the direction of the thickness. 

[0316] A ruled diffraction grating film (900 lines/mm, a product of Edmond Scientific Japan Co.) and the film thus 
obtained were superimposed together in such a manner that the diffraction surface and the cholesteric liquid crystal 
film surface faced each other, and then heated and pressurized at a temperature of 150 °C and pressure of 0.3 MPa 
and roll contact time of 0.5 second by means of Laminator DX-350 manufactured by Tokyo Laminex Co., followed by 

30 cooling to room temperature and removing the diffraction grating film thereby transferring the diffraction pattern on the 
cholesteric liquid crystal film. 

[0317] From the observation of the cholesteric liquid crystal film surface, it was apparently confimned that there were 
the rainbow coloration characteristics caused by the diffraction pattern and the gold selective reflection characteristics 
peculiar to a cholesteric liquid crystal. Furthemnore, the phase and cross-section of the cholesteric liquid crystal film 

35 layer were observed by means of a polarizing microscope and a transmission electron microscope, respectively. It was 
confirmed that there was fomned a cholesteric orientation In the film surface wherein the helical axes of the cholesteric 
phase were not homogeneously parallel with each other in the direction of the thickness, and the helical pitches lengths 
were not homogeneously equal in the direction of the thickness. It was also confimned that in the other region, the 
helical axes were homogeneously parallel with each other in the direction of the thickness, and the helical pitches 

40 lengths were homogeneously equal in the direction of the thickness. 

[0318] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 
crystal film. As a result, the laser beam was observed at exit angle of 0° and about ±35° . For the purpose of checking 
polarization characteristics, the film was placed under an ordinary interior illumination and was observed through a 
right-handed circularly polarizing plate transmitting only a right-handed circularly polarized light. As a result, there was 

45 observed a reflected/diffracted light of rainbow color with substantially the same brightness as that observed without 
the polarizing plate. Whereas, when the film was observed through a left-handed circularty polarizing plate transmitting 
only a left-handed circularly polarized light, there was observed a dark field and neither reflection/diffraction light of 
rainbow color nor the gold reflection color caused by the cholesteric liquid crystal. 

[031 9] The diffusivity of the cholesteric liquid crystal film with the diffraction pattern transferred was measured by the 
50 same method as the above and found to be about 9 percent. 

[0320] As apparent from the foregoing, the cholesteric liquid crystal film was found to have a diffusivity of about 9 
percent and a region exhibiting diffractivity on its surface. 

[0321] Onto the cholesteric liquid crystal film surface with the diffraction pattem transfen-ed, was coated a commer- 
cially available photo-setting type acrylic oligomer adhesive with a thickness of 5 pjn by means of a bar coater. Then, 
55 a TAC film was laminated on the adhesive layer by means of a desk laminator and subjected to ultraviolet irradiation 
so as to cure the adhesive. After curing the adhesive, the cholesteric liquid crystal film was peeled off from the alignment 
substrate by pinching and pulling the end thereof at an angle of 180 degrees thereby obtaining a laminate of the 
cholesteric liquid crystal film/adhesive layer/TAC film laminated in this order. 
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[0322] Onto the cholesteric liquid crystal film surface of the laminate thus obtained, was coated a UV-setting adhesive 
Aronix UV-3630 (manutactured by Toagosel Co., Ltd. and diluted with manufactured by the same so as to be 

250 mPa • s in viscosity) containing 5.0 percent by weight of a benzophenone-based ultraviolet absorber Cyasorb UV- 
24 manufactured by Cytec Ind. with a thiclcness of 5 p.m by means of a bar coater. followed by ultraviolet inradiation so 
5 as to cure the adhesive, thereby obtaining a laminate according to the present invention. 

Example 21 

[0323] A solution was obtained by dissolving 6.42 g of bis 1 ,4[4-(6-acryloyloxyhexyl)benzoyl]methylhydroquinone, 
10 0.98 g of 1 -[4-(6-acryloyloxyhexyloxy)ben2oyloxy]4-cyano benzene, both of which are positive uniaxial liquid crystalline 
compounds, and 2.60 g of a commercially available chiral dopant liquid crystal S-811 manufactured by Rodick Co. in 
90 g of distilled N-methyl-a-pyn-olidone. The resulting solution was mixed with 0.5 mg of fluorine-based surface active 
agent S-383 manufactured by Asahi Glass Company, 0.3 g of a photo- initiator Irgacure 907 manufactured by Ciba- 
Geigy Co., and 0.1 g of a diethyl-thioxanthone photo-sensitizer. The resulting solution was applied onto a polyethylene 
15 naphthalate (PEN) film manufactured by Mitsubishi Daiya Foil Co. with a surface rubbed with a rayon cloth, by means 
of a bar coater. Thereafter, the film was placed in a clean oven set at a temperature of 60 °C and dried for 15 minutes. 
The film was then heated in the same oven set at a temperature of 85 °C for 6 minutes and cooled from the temperature 
to 50 **C at a rate of about 1 '^C /minute thereby obtaining a film having the aforesaid low molecule cholesteric liquid 
crystal on the PEN film. The thickness of the film was measured by means of a contact type film thickness meter and 
20 found to be 1 .5 jim. 

[0324] Next, the cholesteric liquid crystal film together with the PEN film was placed in an oven set at a temperature 
of 50 °C again and subjected to ultraviolet irradiation under a nitrogen atmosphere with an oxygen concentration of 
250 ppm or less. The ultraviolet irradiation was conducted by means of a high pressure mercury vapor lump under the 
conditions where the maximum irradiation intensity was 120 W/cm2 the integrated irradiation dose was 135 mJ, and 
25 the irradiation time was 5 seconds. The cholesteric liquid crystal film after the irradiation was cured to some extent and 
did not have a flowability as seen before the inradiation. The surface hardness of the film was lower than 6B in pencil 
hardness and was not able to be determined precisely 

[0325] The film was cut into a rectangle with a length of 10 cm and a width of 3 cm such that the rubbing direction 
was the direction of the length. A conrimercially available embossed film J52,989 manufactured by Edmond Scientific 

30 Japan Co. was cut into a rectangle with a length of 12 cm and a width of 5 cm such that the grating direction of the 
diffraction grating was the direction of the length. Then, both the rectangular pieces were superposed one on another 
such that the cholesteric liquid crystal film surface was in contact with the diffraction grating surface of the embossed 
film. One shorter side of the superposed films was then fixed with a cellophane tape. The films were inserted through 
a thermolaminating apparatus DX-350 manufactured by Tokyo Laminex Co. such that the shorter end was the leading 

35 end. The thermolamination was conducted at a laminating roll temperature of 72 **C and a travel speed of the sample 
of 30 mm per second. The laminate after having been discharged from the apparatus was cooled to room temperature 
and then subjected to electron beam irradiation at room temperature. The electron beam irradiation was conducted by 
means of an electron beam irradiation apparatus manufactured by Eye Electron Beam Co. at room temperature and 
an accelerating voltage of 30 kV under a 0.20 percent oxygen concentration atmosphere. After the in-adiation, the 

40 embossed film was peeled off from the laminate along the longitudinal direction. The cholesteric liquid crystal film 
remaining on the PEN film was cured and the surface hardness of the film was of the order of 2H in pencil hardness. 
[0326] The transmission spectrum of the cured cholesteric liquid crystal film was measured by means of an ultraviolet, 
visible, infrared spectrophotometer V-570 manufactured by JASCO Co. It was confirmed that there was formed a 
cholesteric liquid crystal film exhibiting a selective reflection having a central wavelength of about 580 nm and a selective 

45 reflection wavelength bandwidth of about 40 nm. 

[0327] The specular competent exclude (SCE) and specular competent include (SCI) of the cholesteric liquid crystal 
film was measured by means of a spectral colorimeter CM-3500d manufactured by Minolta Co., Ltd. and found to be 
5 percent and 43 percent, respectively. The diffusivity was about 12 percent. 

[0328] From a visual observation, it was confirmed that the film was a metal glossy gold color and had a texture 
50 exhibiting luxuriousness. A bright reflection light was observed from the direction of the specular reflection but not 
observed at the other angles. The film had the same properties as a specular surface. Furthermore, other than the 
reflection derived from the cholesteric phase, the film was observed to exhibit a light of rainbow color resulting from 
the diffraction grating as seen from the 3 o'clock and 9 o'clock positions when the film length direction is seen at the 
12 o'clock position. 

55 [0329] The phase and cross-section of the cholesteric liquid crystal film layer were observed by means of a polarizing 
microscope and a transmission electron microscope, respectively. It was confirmed that there was fomned a cholesteric 
orientation in the film surface wherein the helical axes of the cholesteric phase were not homogeneously parallel with 
each other in the direction of the thickness, and the helical pitches lengths were not homogeneously equal in the 
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direction of the thickness. It was also confinned that in the other region, the helical axes were homogeneously parallel 
with each other in the direction of the thickness and the helical pitches lengths were homogeneously equal in the • 
direction of the thickness. 

[0330] An He/Ne laser beam was made vertically incident Into the cholesteric liquid crystal film from the PEN film 
5 side. As a result, the laser beams of zero order and ±first-order were observed at exit angle of 0* and about ±9° . For 
the purpose of checking polarization characteristics, the film was placed under an ordinary interior illumination and 
was observed through a right-handed circularly polarizing plate transmitting only a right-handed circulariy polarized 
light. As a result, there were obsen/ed a reflected/diffracted light of rainbow color and a very vivid yellow reflection 
caused by the cholesteric liquid crystal with substantially the same brightness as that observed without the polarizing 
10 plate. Whereas, when the film was observed through a left-handed circulariy polarizing plate transmitting only a left- 
handed circularly polarized light, there was observed a dark field and no reflection/diffraction light of rainbow color. 
[0331] From the foregoing, it was confimned that the cholesteric liquid crystal film on the PEN film had a diffusivity 
of about 12 percent and a region exhibiting diffractivity on the surface. 

[0332] The procedures of Example 20 were followed except using the laminate of the PEN film/cholesteric liquid 
15 crystal film obtained above instead of the laminate of the polyphenylene sulfide film/cholesteric liquid crystal film used 
in Example 20 thereby obtaining an optical laminate according to the present invention. 

Example 22 

20 [0333] A polycondensation reaction was conducted using 50 mmol of terephthalic acid, 20 mmol of hydroxybenzoic 
acid, 20 mmol of catechol, 10 mmol of (R)-2-methyl-1 ,4-butanediol, and 100 mg of sodium acetate under a nitrogen 
atmosphere while elevating a temperature stepwise, like 180 °C for 1 hour, 200 °C for 1 hour, and 250 ^'C for 1 hour. 
[0334] The polycondensation was continued at a temperature of 250 °C for 2 hours while discharging the nitrogen 
and continued for another 1 hour at the same temperature under reduced pressure. The resulting polymer was dissolved 

25 In tetrachloroethane and reprecipitated with methanol thereby obtaining a liquid crystalline polyester. 

[0335] A solution of the resulting polyester dissolved in N-methyl-2-pyrrolidone (20 percent by weight) was prepared 
and then spin-coated to a rubbed polyphenylene sulfide film. After the coating, the film was dried so as to remove the 
N-methyl-2-pyrrolidone thereby forming a liquid crystalline polyester film over the polyphenylene sulfide film. The thick- 
ness of the film was measured by means of a contact type film thickness meter and found to be about 2.0 \in\. 

30 [0336] Thereafter, the liquid crystalline film was subjected to a heat treatment at a temperature of 1 85 °0 for 3 minutes 
and cooled to room temperature thereby obtaining on the polyphenylene sulfide film a liquid crystalline polyester film 
exhibiting a gold reflection. 

[0337] The transmission spectrum of the film was measured by means of an ultraviolet, visible, infrared spectropho- 
tometer V-570 manufactured by JASCO Co. It was confirmed that there was fonned a cholesteric liquid crystal film 
35 exhibiting a selective reflection having a central wavelength of about 602 nm and a selective reflection wavelength 
bandwidth of about 1 1 0 nm. The specular competent exclude (SCE) and specular competent include (SCI) of the film 
was measured by means of a spectral colorimeter CM-3500d manufactured by Minolta Co., Ltd. gnd found to be 19 
percent and 45 percent, respectively. The diffusivity was about 42 percent. 

[0338] From a visual obsen^ation, it was confirmed that the film exhibited a knuriing gold reflection light and a similar 
40 reflection light was able to be seen from all the directions. Furthemiore, the film did not reflect the observer and was 
extremely excelled in visibility. 

[0339] A diffraction pattern was transferred to the cholesteric liquid crystal film surface using the same diffraction 
grating film as that used in Example 20 under the same conditions. Thereafter, the diffraction grating film was removed. 
[0340] From the observation of the cholesteric liquid crystal film surface with the diffraction pattern transferred, it 

45 was apparently confirmed that there were the rainbow coloration characteristics caused by the diffraction pattern and 
the selective reflection peculiar characteristics to a cholesteric liquid crystal. Furthennore, the phase and cross-section 
of the cholesteric liquid crystal film were observed by means of a polarizing microscope and a transmission electron 
microscope, respectively. It was confinned that there was fonned a cholesteric orientation in the film surface wherein 
the helical axes of the cholesteric phase were not homogeneously parallel with each other in the direction of the thick- 

50 ness, and the helical pitches lengths were not homogeneously equal in the direction of the thickness. 

[0341] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 
crystal film. As a result, the laser beam was observed at exit angle of 0** and about ±35° . For the purpose of checking 
polarization characteristics, the film was placed under an ordinary interior illumination and was observed through a 
right-handed circularly polarizing plate transmitting only a right-handed circularly polarized light. As a result, there were 

55 observed a reflected/diffracted light of rainbow color and a knurling gold reflection light with the same brightness as 
that observed without the polarizing plate. Whereas, when the film was observed through a left-handed circularly po- 
larizing plate transmitting only a left-handed circularly polarized light, there was observed a dark field and neither 
reflection/diffraction light of rainbow color nor a gold reflection caused by the cholesteric liquid crystal. 
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[0342] The diffuslvity of the film after the transformation of the diffraction pattern was measured by the above-de- 
scribed method and found to be about 42 percent. 

[0343] Therefore, the film was confirmed to have on the surface a region exhibiting diffractlvity. 
[0344] Next, the cholesteric liquid crystal film with the diffraction pattern transferred was bonded to aTAC film through 
5 a commercially available photo-setting type adhesive in accordance with the procedures of Example 20. Thereafter, 
the alignment substrate was peeled off and then a protection layer was fomied on the cholesteric liquid crystal film in 
accordance with the procedures of Example 20 thereby obtaining an optical laminate according to the present Invention. 

Example 23 

10 

[0345] A solution of the same liquid crystalline polyester as that used in Example 22 dissolved in N-methyl-2-pyrro- 
lidone (20 percent by weight) was spin-coated onto a mbbed polyphenylene sulfide alignment substrate film such that 
the coated film thickness after being dried is about 2.4 p,m thereby forming a liquid crystalline polyester film on the 
alignment substrate. 

15 [0346] The liquid crystalline polyester film on the alignment substrate was heated at a temperature of 175 **C for 4 
minutes and cooled to room temperature thereby obtaining a liquid crystal film exhibiting a yellow reflection color. 
■ [0347] The transmission spectrum of the film was measured by means of an ultraviolet, visible, Infrared spectropho- 
tometer V-570 manufactured by JASCO Co. It was confimned that there was formed a cholesteric liquid crystal film 
exhibiting a selective reflection having a central wavelength of about 585 nm and a selective reflection wavelength 

20 bandwidth of about 100 nm. The specular competent exclude (SCE) and specular competent include (SCI) of the film 
were measured by means of a spectral colorimeter CM-3500d manufactured by Minolta Co. , Ltd. and found to be 34 
percent and 38 percent, respectively. The diffusivity was about 89 percent. From a visual observation, it was confimned 
that the film exhibited a knurling gold reflection light with no specular reflection, and a similar reflection light was able 
to be seen from all the directions. Furthermore, the film did not reflect the observer and was extremely excelled in 

25 visibility. 

[0348] The phase and cross-section of the cholesteric liquid crystal film were observed by means of a polarizing 
microscope and a transmission electron microscope, respectively. It was confirmed that there was fomried a cholesteric 
orientation in the film surface wherein the helical axes of the cholesteric phase were homogeneously parallel with each 
other in the direction of the thickness. 
30 [0349] A diffraction pattern was transferred on the cholesteric liquid crystal film surface on the alignment substrate 
using the same diffraction grating film as that used in Example 20 under the same conditions as those therein. There- 
after, the diffraction grating film was removed. 

[0350] From the observation of the cholesteric liquid crystal film surface with the diffraction pattern transferred, it 

was apparently confirmed that there were the rainbow coloration caused by the diffraction pattern and the gold selective 
35 reflection peculiar to a cholesteric liquid crystal. Furthennore, the phase and cross-section of the cholesteric liquid 

crystal film were observed by means of a polarizing microscope and a transmission electron microscope, respectively. 

It was confirmed that there was fonned a cholesteric orientation in the film surface wherein the helical axes of the 

cholesteric phase were not homogeneously parallel with each other in the direction of the thickness, and the helical 

pitches lengths were not homogeneously equal in the direction of the thickness. 
40 [0351] An He/Ne laser beam with a wavelength of 632.8 nm was made vertically incident into the cholesteric liquid 

crystal film. As a result, the laser beam was observed at exit angle of 0° and about ±35* . 

[0352] The diffusivity of the film with the diffraction pattern transferred was measured by the above-described method 
and found to be about 89 percent 

[0353] From the foregoing, the cholesteric liquid crystal film was confimried to be non-specular with a diffusivity of 

45 about 89 percent and have on the surface a region exhibiting diffractivity. 

[0354] Next, the cholesteric liquid crystal film with the diffraction pattern transferred was bonded to aTAC film through 
a coriimercially available photo-setting type adhesive in accordance with the procedures of Example 20. Thereafter, 
the alignment substrate was peeled off and then a protection layer was formed on the exposed cholesteric liquid crystal 
film in accordance with the procedures of Example 20 thereby obtaining an optical laminate according to the present 

50 Invention. 



Claims 

55 1 . An Optical laminate comprising a supporting substrate, an adhesive layer, a cholesteric liquid crystal layer, and a 
protection layer laminated in this order, wherein said cholesteric liquid crystal layer has on at least a part thereof 
a region exhibiting diffractivity. 
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2. The optical laminate according to claim 2, wherein said cholesteric liquid crystal layer having on at least a part 
thereof a region exhibiting diffractlvity has a cholesteric liquid crystal film onto which a diffraction pattern is trans- 
ferred, produced by contacting a diffraction grating with said cholesteric liquid crystal film formed on an alignment 
substrate so as transfer the diffraction pattern of said grating thereon, and then removing said diffraction grating 

5 from said film and peeling off said alignment substrate. 

3. The optical laminate according to claim 2, wherein said cholesteric liquid crystal film is formed from a polymeric 
liquid crystal having the following physical characteristics: 

10 (1 ) weight-average molecular weight in temns of polystyrene measured by GPC = 1 000 to 100000; 

(2) molecular weight distribution (Mw/Mn wherein Mn is number-average molecular weight) = 5 or less; 

(3) inherent viscosity measured in a mixed solvent of phenol/tetrachloroethane of 60/40 weight ratio at 30 °C 
and a polymeric liquid crystal concentration of 0.5g/dl = 0.05 to 2.0; 

(4) glass transition point temperature (Tg) = 200 °C or below; and 

15 (5) transition temperature from liquid crystalline phase to isotropic phase (71) = 40 ''C or higher. 

4. The optical laminate according to claim 1 wherein said laminate is produced by the following steps: 

(a) forming a cholesteric liquid crystal film on an alignment substrate; 
20 (b) contacting a diffraction grating with said film so as to transfer the diffraction pattern of said grating on the 

surface of said film; 

(c) bonding said diffraction pattern -transferred film surface to a supporting substrate through an adhesive so 
as to prepare a 4-layered laminate of said supporting substrate/adhesive layer/ diffraction pattern-transferred 
cholesteric liquid crystal film/alignment substrate; 
25 (d) peeling off said alignment substrate from said 4-layered laminate so as to prepare a 3-layered laminate of 

said supporting substrate/adhesive layer/ diffraction pattern-transferred cholesteric liquid crystal film; and 
(e) forming a protection layer on said cholesteric liquid crystal film of said 3-layered laminate. 



5. The optical laminate according to claim 1 wherein said laminate is produced by the following steps: 



30 



(a) forming a cholesteric liquid crystal film on an alignment substrate; 

(b) contacting a diffraction grating with said film so as to transfer the diffraction pattern of said grating on the 
surface of said film; 

(c) bonding said diffraction pattern -transferred film surface to an easily peelable substrate through a reactive 
35 adhesive containing an ultraviolet absorber and/or a hard coat agent and peeling off said alignment substrate 

so as to prepare a 3-layered laminate of said easily peelable substrate/protection layer/diffraction pattem- 
transferred film; 

(d) bonding said cholesteric liquid crystal film of said 3-layerd laminate to a supporting substrate through an 
adhesive so as to prepare a 5-layered laminated of said easily peelable substrate/protection layer/diffraction 

40 pattem-transferred film/adhesive layer/supporting substrate; and 

(e) peeling off said easily peelable substrate from said 5-layered laminate. 

6. A polarizing diffraction element comprising a supporting substrate, an adhesive layer, a cholesteric liquid crystal 
layer, and a protection layer wherein said cholesteric liquid crystal layer has on at least a part thereof a region 

45 exhibiting diffractivlty. 

7. A compensation element for a liquid crystal display comprising a supporting substrate, an adhesive layer a chol- 
esteric liquid crystal layer, and a protection layer wherein said cholesteric liquid crystal layer has on at least a part 
thereof a region exhibiting diffractlvity. 

50 

8. A decorative component comprising a supporting substrate, an adhesive layer, a cholesteric liquid crystal layer, 
and a protection layer wherein said cholesteric liquid crystal layer has on at least a part thereof a region exhibiting 
diffractlvity. 

55 9. A counterfeit prevention element comprising a supporting substrate, an adhesive layer, a cholesteric liquid crystal 
layer, and a protection layer wherein said cholesteric liquid crystal layer has on at least a part thereof a region 
exhibiting diffractivlty. 
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